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International Joint Commission
Members of the Committee:
At the 30th meeting of the Great Lakes Water Quality Board held on
December 1—2, 1977, the Implementation Committee was requested to report
on the persistent toxic pollutants in the basins of lakes Erie, Michigan,
Huron and Superior.
On January 19, 1978, the Implementation Committee requested the
undersigned to prepare an inventory of qualitative and quantitative
information on the distribution of organic and heavy metal contaminants
within the four basins. We have prepared the inventory and are pleased
to submit this "Status Report On Organic and Heavy Metal Contaminants in
the lakes Erie, Michigan, Huron and Superior Basins".
It is our understanding that under the auspicies of the Implementation
Committee, this inventory will be assessed to determine those contaminants
which maypresent a hazard to human health and the environment and to
determine if additional programs and measures are necessary to protect
public health and resources in the lake basins.
Respectfully submitted,
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t
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s
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e
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efr
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 Early in 1978, the Great Lakes Water Quality Board directed its
Implementation Committee to prepare a report which would: review available
data on the distribution and bioaccumulation of "toxic materials" in the
basins of lakes Erie, Huron, Superior and Michigan; define the necessary
future programs to assess the degree of contamination in the basins; and,
recommend future data collection, financial and technical assistance to
'
conduct necessary programs and measures to protect the public health and
resources of lakes Erie, Huron, Superior and Michigan. A report for Lake
Ontario was prepared in l976.
This report to the Implementation Committee is an inventory of organic
and heavy metalcontaminants which have been detected in the basins of lakes
‘Erie, Huron, Superior and Michigan. Subsequently, under the auspicies of the
Implementation Committee, the identified contaminants will be evaluated to
determine which, if any, may have potential effects on human health and the
environment.
Recommendations for future programs will then be developed.
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At the September 1976 meeting of the Water Quality Board, the issue of
toxi
c ma
teri
als
in L
ake
Onta
rio
was
disc
usse
d at
some
leng
th w
ith
part
icul
ar
emphasis on the immediate problems relating to mirex, kepone, PCBs and other
identified pesticides. The State of New York suggested to the Water Quality
Board that a reference or work group be established to address the following
areas:
1.
Revi
ew o
f av
aila
ble
data
on t
he d
istr
ibut
ion
and
bioa
ccum
ulat
ion
of
toxic materials.
2. Coordination of future programs to assess the degree of contamina—
tion of Lake Ontario.
3. Recommendations regarding future data collection, financial and
technical assistance to conduct necessary programs and measures to
protect the public health and resources of Lake Ontario.
In response to the State of New York's suggestion, the Water Quality
Board directed the Implementation Committee to review the available data on
the distribution and bioaccumulation of toxic materials in Lake Ontario. It
also directed tnc;€ommittee to investigate the feasibility of utilizing the
existing committee structure of the Board to undertake items #2 and #3.
In its consolidation of available information on the bioaccumulation and
distribution of toxic substances in Lake Ontario, the Committee limited its
efforts to 50 specific substances.‘ The substances included those for which
water quality objectives have been recommended by the Water Quality Board to
the International Joint Commission, and substances obtained from lists of:
the Environmental Contaminants'Cdntrol Branch (Canada); the Court Settlement
Agreement between U.S. EPA and.the Natural Resources Defense Council; and, the
OntariQ‘Ministry of the Environment. Thecompounds all met the following four
criteria:
1.
The
y w
ere
ide
nti
fie
d i
n L
ake
Ont
ari
o b
iot
a,
rai
nwa
ter
, e
ffl
uen
ts,
sediments and water.
2.
The
re
was
evi
den
ce
tha
t
the
y c
oul
d b
ioa
ccu
mul
ate
.
Par
tit
ion
coe
ffi
—
cie
nts
wer
e g
ene
ral
ly
use
d t
o e
sti
mat
e b
ioa
ccu
mul
ati
on
pot
ent
ial
.
3.
Eac
h s
ubs
tan
ce
mus
t b
e t
oxi
c t
o e
ith
er
fis
h,
man
or
wil
dli
fe
or
be
a
mutagen, carcinogen, or teratogen.
4. The substances must be persistent.
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ac
cu
mu
la
ti
on
of
th
e
50
id
en
ti
fi
ed
to
xi
c
su
bs
ta
nc
es
wi
th
in
th
e
La
ke
On
ta
ri
o
Ba
si
n,
th
e
Im
pl
em
en
ta
ti
on
Co
mm
it
te
e
in
De
ce
mb
er
19
76
ma
de
se
ve
n
re
co
mm
en
da
—
ti
on
s
to
the
Wa
te
r
Qu
al
it
y
Bo
ar
d.
Am
on
g
the
re
co
mm
en
da
ti
on
s
we
re
:
the
ne
ed
for
mo
ni
to
ri
ng
to
es
ta
bl
is
h
tr
en
ds
of
sp
ec
if
ic
to
xi
c
su
bs
ta
nc
es
le
ve
ls
in
La
ke
On
ta
ri
o;
th
e
ne
ed
for
es
ta
bl
is
hi
ng
ac
ti
on
le
ve
ls
(of
the
50
su
bs
ta
nc
es
)
by
en
vi
ro
nm
en
ta
l
he
al
th
ag
en
ci
es
for
the
pr
ot
ec
ti
on
of
hu
ma
n
he
al
th
fr
om
the
su
bs
ta
nc
es
id
en
ti
fi
ed
;
and
,
the
ne
ed
for
cl
os
e
co
or
di
na
ti
on
be
tw
ee
n
the
air
,
wa
te
r
an
d
so
li
d
wa
st
e
pr
og
ra
ms
.
Su
bs
eq
ue
nt
ly
,
th
e
re
co
mm
en
da
ti
on
s
we
re
tr
an
s—
mi
tt
ed
to
th
e
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
by
the
Wa
te
r
Qu
al
it
y
Bo
ar
d
in
Ju
ly
197
7.
Th
e
re
co
mm
en
da
ti
on
s
are
de
ta
il
ed
in
the
Wa
te
r
Qu
al
it
y
Bo
ar
d'
s
19
76
Ann
ual
Rep
ort
to
the
IJC
and
in
the
Boa
rd'
s
App
end
ix
E,
ent
itl
ed
"St
atu
s
Re
po
rt
on
th
e
Pe
rs
is
te
nt
To
xi
c
Po
ll
ut
an
ts
in
th
e
La
ke
On
ta
ri
o
Ba
si
n.
"
Ea
rl
y
in
19
78
,
th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Bo
ar
d
di
re
ct
ed
it
s
Im
pl
em
en
ta
—
ti
on
Co
mm
it
te
e
to
in
it
ia
te
the
pr
ep
ar
at
io
n
of
a
si
mi
la
r
re
po
rt
for
th
e
ot
he
r
fo
ur
Gr
ea
t
La
ke
s
— E
ri
e,
Hu
ro
n,
Su
pe
ri
or
an
d M
ic
hi
ga
n.
Ea
ch
ju
ri
sd
ic
ti
on
wit
hin
the
Gre
at
Lak
es
Bas
in
was
the
n
req
ues
ted
to
pro
vid
e
qua
lit
ati
ve
and
qua
nti
tat
ive
inf
orm
ati
on
on
org
ani
c
con
tam
ina
nts
and
hea
vy
met
als
whi
ch
the
jur
isd
ict
ion
s
hav
e
ide
nti
fie
d
in
poi
nt
sou
rce
s,
atm
osp
her
ic
sou
rce
s,
sew
age
slu
dge
s,
run
off
,
sed
ime
nts
,
wat
er,
ben
tho
s,
pla
nkt
on,
fis
h
and
wil
dli
fe
wit
hin
the
bas
ins
of
the
fou
r l
ake
s.
Req
ues
ts
wer
e
als
o
mad
e t
o
var
iou
s
res
ear
ch
lab
ora
tor
ies
.
On
the
bas
is
of
the
reS
pon
ses
to
the
abo
ve
req
ues
ts
and
on
the
bas
is
of
a
sea
rch
of
the
ava
ila
ble
sci
ent
ifi
c
lit
era
tur
e,
inf
orm
ati
on
was
ass
emb
led
on
con
tam
ina
nts
fou
nd
wit
hin
the
fou
r l
ake
s a
nd
sub
seq
uen
tly
pub
—
lished within this Report. '
Ori
gin
all
y t
he
int
ent
of
thi
s R
epo
rt
was
to
foc
us
onl
y o
n t
he
fif
ty
sub
—
sta
nce
s i
den
tif
ied
wit
hin
the
Lak
e O
nta
rio
rep
ort
.
How
eve
r,
the
res
pon
ses
of
the
jur
isd
ict
ion
s a
nd
the
pub
lis
hed
sci
ent
ifi
c l
ite
rat
ure
con
tai
ned
inf
orm
ati
on
on
the
pre
sen
ce
of
an
ext
ens
ive
num
ber
of
add
iti
ona
l c
omp
oun
ds,
man
y f
or
whi
ch
the
re
is
min
ima
l i
nfo
rma
tio
n o
n t
hei
r p
oss
ibl
e e
nvi
ron
men
tal
and
hea
lth
eff
ect
s.
As
a r
esu
lt,
thi
s r
epo
rt
out
lin
es
the
add
iti
ona
l c
ont
ami
nan
ts
so
tha
t f
utu
re
eva
lua
tio
ns
may
be
mad
e t
o d
ete
rmi
ne
whi
ch,
if
any
, p
res
ent
a h
aza
rd
to
the
env
iro
nme
nt
and
/or
to
hum
an
hea
lth
.
Tab
les
I a
nd
II
sho
w t
he
dis
tri
but
ion
s
of
the
50
com
pou
nds
wit
hin
the
bas
ins
of
the
fou
r
lak
es.
Lak
e
St.
Cla
ir,
and
the
Det
roi
t
and
St.
Cla
ir
Riv
ers
are
lis
ted
in
a s
epa
rat
e
cat
ego
ry.
Tab
le
III
sh
ow
s
th
e
ot
he
r
co
nt
am
in
an
ts
wh
ic
h
we
re
id
en
ti
fi
ed
.
Wit
h
reg
ard
to
thi
s R
epo
rt,
the
re
are
sev
era
l m
ajo
r
poi
nts
whi
ch
mus
t
be
highlighted:
1.
Du
e
to
th
e
co
ns
id
er
ab
le
am
ou
nt
of
in
fo
rm
at
io
n
re
ce
iv
ed
,
a
re
vi
ew
an
d
an
al
ys
is
of
th
e
da
ta
co
ul
d
no
t
ha
ve
be
en
co
mp
le
te
d
wi
th
in
th
is
re
po
rt
in
g
pe
ri
od
.
No
ef
fo
rt
wa
s
ma
de
to
as
se
ss
th
e
qu
al
it
y
of
th
e
da
ta
.
Th
is
do
cu
me
nt
on
ly
se
rv
es
as
an
in
ve
nt
or
y
of
in
fo
rm
at
io
n
fo
r
su
bs
eq
ue
nt
re
vi
ew
by
the
Im
pl
em
en
ta
ti
on
Co
mm
it
te
e,
its
Su
bc
om
mi
tt
ee
s,
th
e
Co
mm
it
te
e
on
the
As
se
ss
me
nt
of
He
al
th
Ef
fe
ct
s
of
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y,
an
d
po
ss
ib
ly
th
e
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d.
Th
e
gr
ou
ps
ma
y,
for
ex
am
pl
e,
de
te
rm
in
e:
wh
ic
h,
if
any
,
of
th
e
co
mp
ou
nd
s
li
st
ed
in
Ta
bl
e
II
I
ar
e
ha
rm
fu
l
to
aq
ua
ti
c
bi
ot
a,
wi
ld
li
fe
or
hu
ma
n
he
al
th
;
th
e
po
ss
ib
le
so
ur
ce
s
of
ha
rm
fu
l
co
mp
ou
nd
s;
and
,
th
e
ad
eq
ua
cy
of
ex
is
ti
ng
mo
ni
to
ri
ng
pr
og
ra
ms
.
Th
e
Ch
em
ic
al
Ab
st
ra
ct
s
Se
rv
ic
e
Re
gi
st
ry
4
A ,_—#
 Num
ber
s
(GA
S)
not
ed
wit
hin
the
tab
les
wil
l e
nab
le
com
put
er
sea
rch
es
for
inf
orm
ati
on
on
tox
ici
ty,
car
cin
oge
nic
ity
and
che
mic
al
pro
per
tie
s,
to
aid
in
the
eva
lua
tio
n p
roc
ess
.
The
Com
mit
tee
on
the
Ass
ess
men
t o
f
Hea
lth
Eff
ect
s o
f G
rea
t L
ake
s W
ate
r Q
ual
ity
ini
tia
ted
its
eff
ort
s
during October, 1978.
With
rega
rd t
o th
e la
rge
numb
er o
f co
mpou
nds
list
ed i
n Ta
ble
III,
the
Great Lakes Water Quality Board in its Report to the Commission in
July 1978 concluded:
(a) The proliferation of hitherto—unreported chemical compounds
discovered in the Great Lakes ecosystem in recent years is
probably related to the increasing skills of analytical chemists
to identify them rather than to any real, sudden increase in
their presence in the ecosystem. As analytical methods become
more sophisticated, this trend will continue.
(b) Such information on contaminants provides a basis for assessing
potential effects on human health and the environment. This
establishes a baseline for future studies to determine if
concentrations of individual chemicals are increasing over a
period of time and can aid in determining the source of the
compound in question.
(c) Many of the compounds detected are known to have the potential
to be detrimental to human health or otherwise affect ecosystem
quality. However, such potential may be realized only under
exposure conditions far removed from those experienced under
present conditions in the Great Lakes Basin.
(d) Although there have been advances in the science of toxicology
such that a number of screening techniques indicative of poten—
tial toxicity have been developed, definitive studies to charac—
terize the potential of a chemical to produce adverse effects
remain expensive, time—consuming and demanding of facilities and
expertise which is available only to a limited extent.
(e) As a consequence of this growing list of contaminants, vigorous
application of toxic substance legislation introduced in Canada
and the United States represents the most effective mechanism to
pro
tec
t e
nvi
ron
men
tal
hea
lth
and
qual
ity.
Con
tin
ued
sur
vei
lla
nce
eff
ort
s w
ill
ass
ure
that
tre
nds
and
lev
els
of
con
tam
ina
nts
wil
l
be monitored.
Man
y o
f t
he
com
pou
nds
in
Tab
le
III
, s
uch
as
the
pol
yar
oma
tic
hyd
ro—
car
bon
s,
fat
ty
aci
ds
and
gly
col
ate
s m
ay
be
nat
ura
lly
occ
urr
ing
.
Thi
s R
epo
rt
att
emp
ts
to
ide
nti
fy
as
man
y c
ont
ami
nan
ts
as
pos
sib
le.
The
re
is
muc
h
inf
orm
ati
on
on
con
tam
ina
nt
lev
els
(qu
ant
ita
tiv
e
dat
a)
which is not within this Report.
The
dat
a w
ith
in
thi
s R
epo
rt
was
and
is
pub
lic
ly
ava
ila
ble
.
How
eve
r,
due to the considerable amount available from many sources, it is
expected that some of the data will be new to many of the investi-
gators working within water pollution control efforts.
 TABLE
1(1)
SUMMARY OF THE DISTRIBUTION OF CONTAMINANTS FOR WHICH
GREAT LAKES WATER QUALITY OBJECTIVES HAVE BEEN DERIVED
E — Lake Erie
D - St.
Detroit River
Clair River, Lake St. Clair
H ~ Lake Huron
S — Lake Superior
M — Lake Michigan
MEDIA AND LAKE BASIN
7440666
...
Chemical
Abstracts DISCHARGES BENTHOS
Reg. Nos. WATER SEDIMENT AIR +SLUDGE PLANKTON FISH WILDLIFE
Organic Substances
Aldrin 309002 HS EDHM EHS
Chlordane 57749 SEHD ED EDHM E EHSMD ES
Dieldrin 60571 HSMED EHSMD‘ EHS EDHM HSE EDHSM EHSM
DDT and metabolites 50293 HSMED DSMEH ESHD EM SEH EDHSM HSM
Endrin 72208 SE EDHM E HS
Heptachlor 76448 HS EDHM
Heptachlor epoxide 13366680 SEDH ED E EDHM EDHS EHSM
Lindane 58899 HSE EHS EDHM HS
Methoxychlor 72435 S EHS DM HS
Toxaphene 8001352 S HS
Phthalic acid esters* EDHSM SHED EDHM S HSM
Polychlorinated
Biphenyls 27323188 EHSMD EDHSM EHSMD EDHSM EHS EDHSM EHSM
'Kepone
ClOCl12 (Mirex and
Dechlorane) E E S EHSM
Inorganic Substances
Arsenic 7440382 EDHSM EDHSM MDHE DSM M EHSM
Cadmium 7440439 EDHSM EDHSM EHSMD EDSM EHS
Lead 7439921 EDHSM EDHSM EHSMD EDSM EHSM
Mercury 7439976 EDHSM EDHSM EDSM EM EDHSM ESM
Selenium 7782492 EDHSM EH SM EM EHS
Zinc EDHSM EDHSM MEHD EDSM M EHSM
*See individual compounds in Table III
(1)
The substances listed in Table I and Table II are the 50 "persistent toxic pollutants” of concern identified by
the Great Lakes Water Quality Board in its 1976 report to the International Joint Commission.
TABLE II
(1)
CONTAMINANTS OF CONCERN IDENTIFIED BY THE GREAT LAKES WATER QUALITY BOARD IN 1977
E — Lake Erie H — Lake Huron
D - St. Clair River, Lake St. Clair S — Lake Superior
Detroit River M — Lake Michigan
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Chemical
Abstracts DISCHARGES BENTHOS
Reg. Nos. WATER SEDIMENT AIR +SLUDGE PLANKTON FISH WILDLIFE
Organic Substances
Benzene 71432 EM D
l,2—1,3—l,4—dichloro—
benzenes 541731 ME HM
95501
106467
Trichlorobenzene 87616 M HSM 5
Tetrachlorobenzene 634662 . EHS S
634902
95943
Pentachlorobenzene 608935 EHS S
Hexachlorobenzene(HCB) 118741 E M EHS D EHSD EHSM
p—Bromoanisole
Chlorinated Napthalene
Methylnaphthalene 1321944 D HDS
Phenol 108952 EDHSM H SMH
Trichlorophenol 95954 M M
88062
Pentachlorophenol 87865 E SM H
Tetrachlorophenol 25167833 SM M
Carbon tetrachloride 56235 E D
chloroform 67663 EDHM D
Bromoform 75252 D
Tetrachloroethylene 127184 EM D
Chlorinated Styrenes
(Octa & Poly) EDHS
Hexachlorobutadiene
(HCBD) 87683 E M EHS
Toluene 108883 M DM
Pentabromotoluene
2,3,7,8—Tetrachloro—
dibenzo-p-Dioxin
(TCDD)
H
«BHC (l,2,3,4,5,6—
Hexachlorocyclo-
hexane)
S
HS
SH
M
B—BHC (Benzene Hexa—
chloride) HE E SEM HS
Polybrominated
Biphenyls 36355018 H H HS H
136544096
Chlorinated
Terphenyls 31372357 D
27043045
Polynuclear Aromatic
Hydrocarbons — See
Table III for
individual compounds
Inorganic Ions
Nickel
7440020
EDHSM
EDHSM
EDHSM
EDSM
EHS
copper 7440508 EDHSM EDHSM EDHSM EDSM SMH EHS
Chromium 7440473 EDHSM EDHSM MDE EDSM MH EHSM
(1) In addition to those listed in Table l.
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Chemical
Abstracts DISCHARGES BENTHOS
Reg. Nos. WATER SEDIMENT AIR +SLUDGE PLANKTON FISH WILDLIFE
Chloroindole 16863960 M
25235852
17422321
17422332
694939
Chloro—oxo-Dehydro
abietic acid 38012021 M
2-(4-Chlorophenoxy)
2-methy1 propionic
acid 882097 M
Chloropropene 590216 D
Chloropropiophenone 6084179 M
736594
6285058
Chlorosyringaldehyde M
Chlorotoluene 108418 M
95498
106434
(4-Chloro-o—toloxy)
acetic acid [MCPA] 94746 EH
Chloroveratrole 16766271 M
Chloroxylenes 25323415 M
Chlorpyrifos DE
Chrysene 218019 - D
Coronene 191071 D
Cresol 108394 M
95487
106445
Cumene 98828 D ‘
Cyclohexane 110827 D
Cyclopentane 287923 M
Cyprazine HDE
Decachlorobiphenyl 2051243 D
Decanols 1740198 DM
N-Decylcyclohexane E '
Decanoic acid 334485 M
Dehydroabietic acid 1740198 S S SM S
Dehydrodiconiferyl
alcohol 4263870 5
Diazinon » 333415 EH
Diazobenzene 103333 M
Dibenz-[a,h]-
anthracene 53703 D
Dibenz(def,mno)
chrysene DH
Dibenzo(b,def)chrysene DH
Dibromo chloroethane M
Dibromo chloromethane 124481 EM
Dibromoethane 25620626 M
Dibromomethane 74953 D .
DibutylphthalaCe (DBP) 84742 EDHSM HE EDHM HS
Dichlorobenzidine 84684 M
91941
Dichlorobenzophenones 5293970 M
90982
7094340
Dichlorobutane 26761819 M
Dichlorobutadienes 6061069 D
3574401
2984421
Dichlorobutene 11071968 D
Dichlorodiene resin
acids ' M
Dichlorbdifluoro-
methane 75718 E S
Dichloroethane 29047827 ME D
1,2-D1chloroethane 107062 E M
1,2—Dichloroethy1ene 540590 DM
Dichloroethylene 25323302 M
Dichloroguaiacol 60546114 M
60546056 ~
Dichloromethane 75092 EM DM
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H
WIL
DLI
FE
3,6 Dichloro—Z—
methoxybenzoic
acid (dicamba) 1918009 E
Dic
hlo
rop
hen
ol
251
678
11
M
2,4(Dichlorophenoxy)
acetic acid 94757 EDH HD
N-(3,4—Dichloropheny1)
—N,N'-diethy1urea 15545503 D
Dichloropropane 26638197 M D
Dichloropropene 26952238 D
Dich
loro
vera
trol
e
2772
465
S
1,2—Diethoxyethane 629141 M
N,N—
Diet
hy1
anil
ine
9166
7
M
Diethyl benzene 25340174 D
Diet
hyl
ethe
r
6029
7
M
D
Diethylhexylphthalate
(DEH
P)
1178
17
EDHS
M
SED
DE
HSM
Diet
hyl
phth
alat
e
8466
2
M
EDHM
HSM
Dihexyl adipate 110338 S
Diisobutyl phthalate 84695 M
Diisopropyl ether 108203 M
Dimethoxy acetophenone 21160269 M
829209
1201383
2040042
1131620
3,4-Dimethoxyaceto-
phenone 1131620 S
Dimethoxymethane 109875 H
Dime
thyl
adip
ate
6279
30
*
N,N—Dimethy1 aniline 121697 M
Dimethyl biphenyl 28013118 M
2,5-Dimethyl decane 17312504 E
Dime
thyl
disu
lfid
e
6249
20
H
M
Dimethyl naphthalene 28804888 D
Dimethyl phthalate 131113 S
Dime
thyl
sulf
ide
7518
3
H
M
2,6vDimethy1 undecane 17301234 E
Dioc
tyl
phth
alat
e
1178
40
S
S
S
Dioxane 123911 M
Diphenylacetaldehyde 947911
-Monochloro derivative 905152 M
52999732
-Dichloro derivative 51559014 M
34877753
18164506
-Trich10ro derivative 39249735 M
59612598
Diph
enyl
amin
e
1223
94
*
Diphenylcumylphenyl-
phos
phat
e
M
M
M
Diph
enyl
meth
ane
1018
15
*
Diphenylnonylphenyl—
phos
phat
e
M
M
M
Dodecanoic acid 334485 M
Dodecanol 112538 M
Endosulfan (“,8) 115297 HDE DE EHS
Epijuvabione (methyl
ester) 26462748 S
EPTC (eptan) E
Ethion . 563122 DH
2-(2—(2-Ethoxyethoxy)
ethoxy) ethanol 112505 M
N-Ethylaniline 103695 M
Ethyl benzene 100414 M M
Ethyl chloride 75003 D
2-Ethy1—1-hexanol 104767 M
Ethyl palmitate 628977 5
Fenchyl alcohol 1632731 S
Fluorene 86737 D
Fluoranthrene 206440 E D
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Chemical
Abstracts DISCHARGES BENTHOS
Reg. Nos.
WATER
SEDIMENT
AIR
+SLUDGE
PLANKTON
FISH
WILDLIFE
Fluorodichlorobromo-
methane 353582 M
Formaldehyde
50000
D
Furfural 98011 M
Guaiacol 90051 S
Heptachlorostyrenes
29086382
E
29086393
29082755
Heptadecane
M
Heptadecanoic acid
506127
S
SM
Heptanoic acid
111148
M
Heptene 25339564 M
Hexachlorobutene 930809 E
18766875
Hexachloroethane 67721 E D
Hexachlorostyrene
53660472
E
Hexadecane 544763 E
Hexadecanoic acid 57103 M
Hexane 110543 M
Hexanoic acid 142621 SM
Hexene M
Homovanillin
5703242
M
Hydroxybenzothiazole
13599843
M
Hydroxymethoxyaceto—
phenone
552410
M
703980
705157
703231
4—Hyrdoxy—3—methoxy
phenyl acetic acid
306081
S
4-Hydroxy—3-methoxy-
propiophenone
1835149
S
Indeno (1,2,3-cd)
pyrene E
Iodo dichloromethane 594047
Isoborneol
124765
M
Isopiramic acid
5835267
S
Lauric acid 143077 S
Leptophos
D
Lignoceric acid
557595
S
Limonene
138863
S
Linoleic acid
60333
S
S
Malathion 121755 E
o—Methoxyphenol
90051
S
Methoxyphenol
26638039
M
2—Methoxy-4-propyl
phenol
2785877
8
Methyl abietate
127253
M
S
l-Methyl anthracene
610480
D
2-Methyl anthracene
613127
D
9—Methyl anthracene
779022
D
Methyl arachidate 1120281 M
Methylbenzothiophene
1195148
H
Methyl—t-butyl ketone 591786 E
Methyl—2(4—chloro-
phenoxy) butanoate 94815 M
Methyl
dehydroabietate
1235741
M
3
Methyl dichlorophenyl
ether
54518159
M
6—Methyl-l,2—dihydro—
napthalene
2717477
D
Methyl 9,10-dihydroxy—
stearate
1115011
S
4-Methyl—2-ethyl-l,
3-dioxolane
4359460
M
10-Methy1eicosane
55193561
E
Methylene
chloride
75092
E
Methyl-Z-ethyl
hexanoate
32579810
EDM
ll
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Pentachlorobutene 30353549 E
Pentachloroethane 76017 E
Pentachloronor-
bornene 18317936 E
21657705
32763772
32763749
18317903
18317947
Pentachloropropane 16714684 E
15104617
21700312
23153233
Pentachlorotoluene 877112 *
Pentadecanoic acid 1002842 S SM
Pentane 109660 M
3—Pentanone 966220 M
Pentene 109671 M
109682
Perylene 198550 DH D
Phenanthrene 85018 DHSM
Phenylacetic acid 103822 M
Phenylacetylene 536743 D
l-Phenyl naphthalene 605027 D
o-Phenyl phenol 92693 M
Phenylpropionic acid 501520 M
Photomirex EHSM
Pinene, G and 8 80568 SM
Prometone HDE ‘
Propanol 71238 D
Propylbenzene 103651 D
Propyl toluene 28729546 D
Pyrene 129000 M v D
Safrole 94597 S
Salicylic acid 69727 M
Sandaracopimaric
acid 471749 S
Silvex 93721 S
Simazine 122349 HDE
B—Sitosterol 83465 S
Steatic acid 57114 S S
Styrene 100425 E D
Syringaldehyde 134963 M
Terpene HM
Terphenyl 26140603 *
C10 Terpineol 8000417 M
C15 Terpineol DM
« Terpineol 98555 SM
Terpinene 99854 S
8013001
Tetrachloroanisole 53452816 M
Tetrachloroanthracene 25283027 *
Tetrachlorobutadienes 921095 E E
1637316
18149763
Tetrachlorodiene
resin acids M
Tetrachloroethane 79345 EMD D
Tetrachloro guaiacol 2539175 M
Tetrachloropropene 10436392 E
18611433
20589859
15022227
16500917
Tetrachlorotoluene 29733708 *
n—Tetracosane 646311
n—Tetradecane 629594 E
Tetradecanoic avid 544638 M
TetradecanOI 27196005 ' M
Tetradecene 26952136 M
MEDIA AND LAKE BASIN
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Tetrahydrofuran 109999 EM
Tetrahydropyran 142887 M
Tetr
athi
ohex
ane
5851
0137
M
Trans-stilbene oxide 525064 M
Trib
romo
anis
ole
S
Trichloroaniline 54686918 M
Tric
hlor
oani
sole
8740
1
M
Trichlorodimethoxy—
phenol M
Trichlorodiene resin
acids M
Trichloroethane 71556 M
79005
Trichloroethylene 79016 EM D
Trichlorofluoromethane 75694 ME
Trichloroguaiacol 26378187 SM
(2,4,5—Trichloro-
phenoxy) acetic acid EDH HD
Trichloropropane 25735299 D
Trichlorotrifluoro
ethane 359295 M
3,4,5-Trichlorovera—
trole 16766293 S
Trifluralin 1582098
Trimethyl bicycle
3.1.1 heptene 34389781 S
80568
Trim
ethy
liso
cyan
urat
e
8778
94
N
Trip
heny
l ph
osph
ate
M
M
M
Trithiapentane 34202589 M
Vanillin 121335 M
Vanilone 579237 5
Vinyl bromide 593602 0
Vinyl chloride 75014 D
Xyle
nes
1330
207
ME
DM
Zytron 299854 D
Heavy Metals
Cob
alt
744
048
4
ESM
EHS
M
E
M
HS
Silv
er
7440
224
EDHS
M
SM
M
HS
Str
ont
ium
744
024
6
M
EHS
M
HS
Van
adi
um
744
062
2
M
, H
SM
M
M
HS
*Sample identified only as "Great Lakes fish"
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ﬂlﬂlﬂ Hllf BASIN
he Lake Erie Basin for the purposes of this report consists of the lake
tself and the tributaries entering the lake with the exception of the
etroit River. Because of the vast amount of data, the Detroit River,
ake St. Clair and St. Clair River will be considered together as one
ntity (Chapter 2), rather than being included with either Lake Erie or
.ake Huron.
Chere are many sources of information on past and current biological,
physical and chemical data for the Lake Erie Basin. For example, a 1976
report by the Ontario Ministry of Natural Resources (1) outlines 18
different existing long term Canadian and U.S. environmental programs in
the Lake Erie Basin. Within the report, the sponsoring agencies are
listed, the program objectives are described, and information is given
on parameters measured, sampling frequency, and the availability of data
from the programs. The results of many of the above programs are generally
reported within the annual reports of the Surveillance Subcommittee of the
IJC's Great Lakes Water Quality Board. Also information on point source
discharges is contained within the annual reports of the Board's Remedial
Programs Subcommittee. Copies of the Subcommittees' reportsare available
from the IJC Regional Office, Windsor, Ontario.
There are other reports which contain significant amounts of data on the
Lake Erie Basin. These reports, for example, include: the Report to the
IJC on the Pollution of Lake Erie (2); the Proceedings of a Conference in
the Matter of Pollution of the Navigable Waters of the Detroit River and
Lake Erie and Their Tributaries in the State of Michigan (3). Although
these reports contain some information on organic contaminants and heavy
metals, data on nutrient levels and the effects of eutrophication are
primarily emphasized. Subsequent to the discovery of mercury discharges
to the St. Clair River system in 1970, detailed studies were initiated to
investigate the occurence of mercury and other heavy metals in Lake Erie
fish, sediments and water. Also, in the early 1970's, investigations
were initiated to determine the distribution within the aquatic ecosystem
of pesticides and chlorinated hydrocarbons such as PCBs. Most of the
information within this report is therefore obtained from the published
and unpublished data from investigations initiated after 1970. An
intensive nearshore surveillance program of the U.S. shoreline was
initiated in 1978, however the details and the interpretation of the data
will not be published until 1979.
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ti
ve
ly
(4
).
Th
e
in
ve
st
ig
at
or
s
fo
un
d
th
at
th
e
wa
te
rs
of
th
e
We
st
er
n
Ba
si
n
ha
d
hi
gh
er
le
ve
ls
of
me
rc
ur
y.
In
19
78
,
th
e
Po
ll
ut
io
n
fr
om
La
nd
Us
e
Ac
ti
vi
ti
es
Re
fe
re
nc
e
Gr
ou
p
(9
)
re
po
rt
ed
co
nc
en
tr
at
io
ns
of
se
ve
ra
l
tr
ac
e
el
em
en
ts
in
th
e
op
en
wa
te
rs
of
La
ke
Er
ie
wh
ic
h
ar
e
sh
ow
n
in
Ta
bl
e
1.
1-
1.
Ne
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sh
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e
st
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ie
s
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he
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y
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ta
l
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nc
en
tr
at
iO
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we
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ar
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em
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ed
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Po
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Co
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or
ne
(T
ab
le
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1-
1
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d
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a
Ha
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(T
ab
le
s
1.
1-
2
an
d
1.
1—
4)
.
Th
e
ra
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he
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y
me
ta
l
co
nc
en
tr
at
io
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u—
ta
ri
es
to
La
ke
Er
ie
sh
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n
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Ta
bl
e
1.
1—
5
we
re
ob
ta
in
ed
fr
om
th
e
Mi
ch
ig
an
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
(8
).
Th
e
av
er
ag
ed
he
av
y
me
ta
l
co
nc
en
tr
at
io
ns
in
th
e
Gr
an
d
Ri
ve
r
an
d
th
e
Ma
um
ee
Ri
ve
r
(T
ab
le
1.
1-
5)
we
re
ob
ta
in
ed
fr
om
th
e
su
mm
ar
ie
s
of
wa
te
rs
he
d
st
ud
ie
s
sp
on
so
re
d
by
th
e
Po
ll
ut
io
n
fr
om
La
nd
Us
e
Ac
ti
vi
ti
es
Re
fe
re
nc
e
Gr
ou
p
(1
0,
11
).
De
ta
il
ed
re
po
rt
s
on
th
e
wa
te
rs
he
d
st
ud
ie
s
wi
ll
be
av
ai
la
bl
e
in
la
te
1978.
Ge
ne
ra
ll
y,
co
nc
en
tr
at
io
ns
of
ch
lo
ri
na
te
d
pe
st
ic
id
es
an
d
PC
Bs
in
th
e
wa
te
rs
of
La
ke
Er
ie
an
d
mo
st
of
it
s
tr
ib
ut
ar
ie
s
ha
ve
be
en
be
lo
w
de
te
ct
io
n
li
mi
ts
,
as
il
lu
st
ra
te
d
in
Ta
bl
es
1.
1-
3,
1.
1—
6
an
d
1.
1—
7
(r
ef
er
en
ce
s
6,
8,
l5
,
l6
,
17
).
In
19
72
ho
we
ve
r,
Gl
oo
sc
he
nk
o,
St
ra
ch
an
an
d
Sa
mp
so
n
re
po
rt
ed
an
av
er
ag
e
of
0.
02
7
pp
b
PC
Bs
in
th
e
su
rf
ac
e
wa
te
rs
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La
ke
Er
ie
(1
2)
.
Al
so
,
a
19
73
st
ud
y
of
th
e
Cu
ya
ho
ga
Ri
ve
r
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di
ca
te
d
Ar
oc
lo
r
12
54
co
nc
en
tr
at
io
ns
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tw
ee
n
.0
4
pp
b
an
d
0.
59
pp
b
[T
ab
le
1.
1—
8
(r
ef
er
en
ce
13
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.
In
th
e
pa
st
fe
w
ye
ar
s,
ef
fo
rt
s
ha
ve
in
te
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if
ie
d
to
id
en
ti
fy
an
d
qu
an
ti
—
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mp
ou
nd
s,
in
ad
di
ti
on
to
pe
st
ic
id
es
an
d
PC
Bs
,
wh
ic
h
ma
y
be
pr
es
en
t
in
La
ke
Er
ie
wa
te
rs
.
In
an
at
te
mp
t
to
id
en
ti
fy
th
e
co
mp
on
en
ts
of
ch
lo
ro
fo
rm
ex
tr
ac
ts
fr
om
La
ke
Er
ie
wa
te
rs
,
St
ra
ch
an
(1
4)
id
en
ti
fi
ed
ph
th
al
at
e
es
te
rs
in
co
nc
en
tr
at
io
ns
fr
om
0.
7
—
6
pp
b,
in
ad
di
ti
on
to
va
ri
ou
s
qu
an
ti
ti
es
of
fa
tt
y
ac
id
s
an
d
hy
dr
oc
ar
bo
ns
(T
ab
le
1.
1—
6)
.
An
al
ys
es
of
va
ri
ou
s
U.
S.
wa
te
r
su
pp
ly
sy
st
em
s
lo
ca
te
d
in
th
e
La
ke
Er
ie
‘
Ba
si
n,
ha
ve
sh
ow
n
th
e
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es
en
ce
of
ph
th
al
at
e
es
te
rs
,
(8
,
l8
)
ch
lo
ri
na
te
d
i
me
th
an
es
an
d
be
nz
en
e
co
mp
ou
nd
s
(l
7,
l8
,
l9
)
an
d
a
va
ri
et
y
of
ot
he
r
\
 
co
mp
ou
nd
s
(T
ab
le
s
1.
1-
6,
1.
1-
7
an
d
1.
1-
9)
.
Re
ce
nt
ly
Fo
x
(2
0)
,
re
po
rt
ed
pe
nt
ac
hl
or
op
he
no
l
le
ve
ls
in
La
ke
Er
ie
fr
om
<
5
pp
t
to
1.
7
pp
b.
Fu
rt
he
r-
mo
re
,
th
e
EP
A
st
ud
y
to
id
en
ti
fy
pr
ev
io
us
ly
un
re
co
gn
iz
ed
po
ll
ut
an
ts
(1
8)
re
ve
al
ed
a
la
rg
e
nu
mb
er
of
or
ga
ni
c
co
mp
ou
nd
s
at
pp
b
le
ve
ls
in
tr
ib
ut
ar
ie
s
to
La
ke
Er
ie
(T
ab
le
1.
1—
7)
.
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In 1978 the results of a study to determine PAH levels in selected
U.S. drinking waters and their raw water sources, were published
(164). Table 1.1—10 shows the values which were observed in the raw
water source (Lake Erie) and in the drinking water of Buffalo, New
York. For the purposes of comparison, the table also gives the
observed concentrations of PAHs at the Syracuse Water System (un-
contaminated water source — Lake Skaneateles) in New York and at
Pittsburg, Pennsylvania where the water source — the Monongahela
River — is contaminated with coke oven effluent.
Streamwaters leaving eleven agricultural watersheds in Southern
Ontario were analyzed for a variety of pesticide during a PLUARG
Task C study (170). Three of the 11 major watersheds were located
in the Lake Erie Basin (Table l.l-ll). Tables l.l—lZ to l.l—Zl
Show the results of analyses for pesticides in the Lake Erie
watersheds which are identified as AG—Z (Big Creek), AG—4 (Grand
River) and AG—l3 (Hillman Creek). The frequencies of occurrence
of pesticides in all 11 watersheds are summarized in Table 1.1—22.
Another PLUARG study (171) evaluated the concentrations of various
organochlorine compounds in the waters of the Grand River. The
concentrations are shown in Table l.l—23.
Table 1.1—24 shows the concentrations of Freon ll, Freon 12,
carbon tetrachloride and trichlorethylene which were detected in
the open waters of Lake Erie (175). Distribution profiles of the
compounds in Lake Erie waters will be published by the investigator
at a later date.
  
TABLE 1.1—1
HEAVY METALS IN LAKE ERIE WATERS
 
SAM
PLI
NG
STA
TIO
N
HEA
VY
MET
ALS
INF
ORM
ATI
ON
AND
DAT
E
AND
CON
CEN
TRA
TIO
NS
(pg/
L)
SOU
RCE
Lak
e E
rie
197
0—7
1
Hg
0.1
7 f
0.1
1 p
pb
(0—0.4) 4
(See Distribution — Figure 1.1-1)
Western Lake Erie
— 6 locations, 1973—75
filt
ered
wate
r
Se
1—6
5
unfiltered water Se 9—48
Asta
bula
Harb
or —
1973
See
Tabl
es 1
.1—2
, 1.
1-4
6
Port Colborne
- discharge area of
Algoma & Inco effluents Cu 11—17
August 1973 Pb 11—33
Co 7~8 7
Fe 150—180
Ni 140—320
— Nickel Beach Area Cu 4-20
Pb 6—38
Co 4—15 7
Fe 30—450
Ni 4-840
— Welland Canal Cu 6—17
Pb 6
Co 4—5 7
Fe 70—100
Ni 5—10
City of Monroe WTP Ni <5-14 Cu 3—45(b)
Water Intake — Lake Erie Hg <.1—.8 Ag <1—2
1973
—77
Pb
<l—8
Se
<2
8
Zn 11-24 As <l—.%a)
Cd <.1—.2 Cr <1-2
Open
wate
rs 1
976—
77
Hg
59.5
Cu 1
.0—2
.5
Pb :1—3 Zn 2.0—9.0 9
Cd <.2 As 0 3—0 6
(a) "total" unless otherwise specified
(b) "dissolved" metal concentration
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Fig 134 The average distribution 01' total mercury in the surface waters 01~ Lake Erie (1970-1971).
Dots represent sampling stationsi
m, nix/i
\r)v
Fig 1.1-2 The average distribution of tutu] men‘ur)’ in the bottom waters of Lake Erie (1970—1971).
Dots represent sampling stationx
 
 TABLE 1.1—2
METAL CONCENTRATIONS DETERMINED IN THE 1973
"WATER POLLUTION INVESTIGATION:
ASHTABULA HARBOR" (6)
           
STATION LOCATION
l Ashtabula River —— Above the 24th St . Bridge
2 Fields Brook —‘ 15th St. Bridge
3 Ashtabula River —— 5th St. Bridge
4 Ashtabula River Mouth
5 Mid Harbor
6 1/4 Mile outside breakwater light on Lake Erie
7 l/8 Mile N. of Pinney Dock (Harbor)
8 Harbor Entrance
PARAMETER/STATION 1 2 3 a 5 5 7
DATE 11 SEPT 73
ARSENIC “9/1 < 10 < 10 <10 <10 <10 < 10 ‘ < 10
BARIUM mg/l 1.5 2.5 2.0 1.5 1.5 1.0 1.0
CADMIUM “9/1 1.0 1.0 0.5 0.5 < 0.3 < 0.3 < 0.3
CHROMIUM “a < 5 < s < 5 < 5 < 5 < 5 < 5
COPPER “9/2 6 10 a a a a 0
IRON pm 350 140 250 240 250 20 70
MERCURY pd! < 0.3 1.3 < 0.3 < 0.3 < 0.3 < 0.5 < 0.5
NICKEL pm < 5 5 < 5 < 5 < 5 < 5 ' < 5
LEAD pm 4 < 3 4 a < 3 < 3 < 3
SELENIUM #911 < 5 < 5 < 5 < 5 < 5 < 5 < 5
TITANIUM my: < 1_ <1 <1 <1 <1 <1 <1
pm my; 12 22 .10 10 a 22 15
PARAMETER/STATION 1 2 3 4 5 e 7
DATE 10 SEPT 73
ARSENIC W1 4 10 <10 <10 <10 <10 <10 <10
BARIUM mall < 1.0 3.5 2.0 1.0 1.5 1.0 1.0
CADMIUM “a < 0 3 05 0.5 0.5 < 0.3 < 0.3 < 0.3
CHROMIUM ma < 5 < 5 < 5 < 5 < 5 < 5 < 5
COPPER “d1 10 10 9 a 9 a 8
IRON pm 350 110 180 30 90 30 so
MERCURY #94 4.3 1.3 < 0.3 0.4 < 0.3 <0.3 < 0.3
NICKEL Pm < 5 <5 <5 <5 <5 <5 <5
LEAD pm <3 <3 <3 <3 <3 <3 <3
SELENIUM 1m: < 5 < 5 < 5 < 5 < 5 <5 < 5
TITANIUM mg]! < 1 <1 <1 <1 < 1 <1 < 1
ZINC mu 5 10 9 7 5 5 7
20
TABLE 1.1-2 CONT'D
 
PARAMETER,/ STATION 1 2 3 4 5 s 7 8
DATE 5 SEPT 73
ARSENIC 149/1 < 10 < 10 <10 <10 <10 <10 <10 <10
BARIUM
mg/l
1.4
2.9
2.1
1.1
1.5
1.1
1.0
1.1
CADMIUM 149/! 1.0 2.5 1.0 0.3 0.3 0.3 0.3 0.3
CHROMIUM
119/}
< 5
<5
(5
<5
<5
<5
<5
<5
COPPER
pull
6
10
8
9
7
7
8
8
IRON
pg/l
260
250
60
60
80
30
- 120
40
MERCURY
pgll
0.6
1.4
0.6
0.6
1.2
4.8
0.9
1.4
NICKEL
[19/1
5
15
(5
<5
<5
(5
<5
(5
LEAD
“9/1
5
5
5
3
< 3
(3
< 3
5
SELENIUM
pg/l
<5
<5
<5
<5
<5
<5
< s
< 5
TITANIUM 1119/! (1.0 (1.0 (1.0 (1.0 (1.0 (1.0 < 1.0 (1.0 .
ZINC pg]! 16 13 17 15 i 12 22 12 22
L
         
AS
TABLE 1.1-3
HTABULA HARBOR
- CHLORINATED PESTICIDES AND
POLYCHLORINATED BIPHENYLS IN WATER
    
PA
RA
ME
TE
R/
ST
AT
IO
N
2
5
6
DATE 5529173
00ch 119/! < 0.01 < 0.01 < 0.01
IJNDANE #01 < 001 < 001 < 001
HEPTACHLOR pgu < 001 < 001 < 001
ALDRIN pm < 0.01 < 0.01 < 0.01
KELTHANE 001 < 001 < 001 < 001
HEPTACHLOR EPOXIDE ugz < 001 < 001 < 001
UCHLORDANE “y; (001 < 0m <001
ENDOSULFAN 1 “9/1 < 0.01 < 0.01 < 0.01
p,p'-DDE “9/1 < 0.01 < 0.01 < 0.01
DIELDRIN “9/; < 0.01 < 0.01 < 001
ENDRIN Pgﬂ < 001 < 001 < 001
o,p'-DDT “9/1 < 0.01 < 0.01 < 0.01
ENDOSULFANII pgﬂ < 001 < 001 < 001
mptooo pgﬂ < 001 < 001 < 001
,p,’
-DDT
“9/1
< 0.
01
< 0
.01
< 0.
01
MET
HOX
YCH
LOR
9y!
(00
1
< 0
m
(00
1
PC8': my; < 0.1 < 0.1 < 0.1
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TAB
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MER
CUR
Y
DAT
A
(Us
/L)
l
ST
AT
IO
N
4/11/73
6/
25
7/
31
9
/
5
9
/
8
9/
10
5/8
/74
5/8
5/9
5/9
5/10
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RE
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—
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A
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VE
R
—
E.
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th
ST
.
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EL
DS
BR
OO
K
—
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E
R
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EL
DS
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OO
K
—
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E
RD
.‘3
’
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EL
DS
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OO
K
-
RT.
20
FI
EL
DS
BR
OO
K
-
E.
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m
ST.
FI
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DS
BR
OO
K
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UT
H
AS
HT
AB
UL
A
RI
VE
R
—
E.
6th
ST.
AS
HT
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A
RI
VE
R
(M
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EP
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0.0
)
AS
HT
AB
UL
A
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D
HA
RB
OR
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EN
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PIN
NEY
DOC
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0.
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0
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'
0.5
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'
0.6‘
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‘
0
.
3
'
0
.
4
'
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0.
6
1.
4
0.6
0.6
1.2
1
.
4
4.8
0
.
9
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1.3
< 0.3
<
0
.
3
(0.3
4
0.5
4 0
.5
 
4.3
1
.
3
L
0
.
3
0.4
< 0
.3
<
0.3
4 0.3
  
z 0.5
0
.
4
1.4
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0.8
4 0
.5
l 0
.5
4 0
.5
-
< 0
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4 0
.5
4 0
.5
—-
2.0
4.2
2.9
r 5
.8
2.0
4.6
3.7
-
< 0.5
—
<
0.
5
4
0.
7
    
‘
US
EP
A
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TA
(P
ER
SO
NA
L
CO
MM
UN
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IO
N
WI
NK
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OF
ER
TO
ZA
R,
JA
N.
28.
19
74
1
(1)
—
OH
IO
WA
TE
R
QU
AL
IT
Y
ST
AN
DA
RD
FO
R
ME
RC
UR
Y
12
/1
8/
73
0.
5}
19
/2
(2)
—
EA
ST
SI
DE
OF
ST
AT
E
RD
.
BR
ID
GE
OV
ER
FI
EL
DS
BR
OO
K
(U
PS
TR
EA
M)
(3)
—
WE
ST
SI
DE
OF
ST
AT
E
RD
. B
RI
DG
E
OV
ER
FI
EL
DS
BR
OO
K
(O
UT
FA
LL
SA
MP
LE
)
AN
D
A S
AN
IT
AR
Y
BYP
ASS
.
ASHTABULA GENERA
L HOSPITAL
 
TABLE 1.1-5
HEAVY METAL CONCENTRATIONS IN WATERS OF TRIBUTARIES T0 LAKE ERIE
(ug/2)a
No.
Information
Date Stations Samples As Cd Cr Co Cu Pb Hg Mo Ni Se Ag V Zn Source
1973-77 Huron River 7 1—2 .2—2 4—9 (b)
Superior TWP.
3—28 <.2—.5
22 <2 <1—2
9—30 8
1970-77 Huron River 12 l <.l—.3 4—11 6—10 4—14 <.l—3.l 11—46 <2 <1 48—250 8
Flat Rock WTP
(intake)
1973-77 Huron River
5 2—3
(near mouth)
Berlin TWP
.3—2 4~8 2—33 <.2—.4 24 <2 <1-2 26-36 8
(b)
(b) 8
1973-77 River Raisin
10
<l-3
City of Dundee
WTP
<.l—4 6—16 4~220 <l—24 <.l—9.0 21—29 <2 <l—2 6—550
2
3
\
1973-77 River Raisin 7 2-3 .2—2 14—16 <1—31 <.2 22—24 <2 <1—4(b’ 20—30“) 8
(near mouth)
(c)
1976 Grand River
10 S
32 10
Watershed outlet
1975—77 Maumee River Basin
11
3 10 3
20
82
21
11
Streamwater Background
Groundwater
9
98
80
250
94
954
 
(a) "total" unless otherwisespecified
(b) dissolved fraction
(c) flow weighted mean concentrations
 
 TABLE 1.1—6
ORGANIC CONTAMINANTS DETECTED
IN LAKE ERIE WATERS
SA
MP
LI
NG
ST
AT
IO
N
OR
GA
NI
C
CO
NT
AM
IN
AN
TS
IN
FO
RM
AT
IO
N
AN
D
DA
TE
AN
D
CO
NC
EN
TR
AT
IO
NS
(H
g/
L)
SO
UR
CE
La
ke
wi
de
me
an
—
197
2
PC
Bs
0.
02
7
12
Pr
es
qu
e
Is
le
Ba
y
DD
T
<.
04
an
d
2
st
at
io
ns
in
Li
nd
an
e
<.
00
2
im
me
di
at
e
vi
ci
ni
ty
Al
dr
in
<.
00
4
15
04
/7
2—
12
/7
2
Di
el
dr
in
<.
OO
6
(2
7
sa
mp
li
ng
pe
ri
od
s)
He
pt
ac
hl
or
<.
OO
4
La
ke
wi
de
—
19
73
Ph
th
al
at
e
es
te
rs
7—
6
Fa
tt
y
ac
id
s
2—
3
14
Hydrocarbons 3—4
As
ta
bu
la
Ha
rb
or
Ch
lo
ri
na
te
d
pe
st
ic
id
es
6
and PCBs (See Table 1.1—3)
Er
ie
,
PA
PC
B
<.
02
16
09/74
10/75
Ci
ty
of
Mo
nr
oe
WT
P
‘
DE
HP
(0
1/
76
)
2.
6
19
75
—7
6
No
t
de
te
ct
ed
:
DB
P,
to
xa
ph
en
e,
ch
lo
rd
an
e,
8
2,
4—
D,
si
lv
ex
,
en
dr
in
,
heptachlor, lindane,
methoxychlor, PCBs
Er
ie
,
PA
Ch
lo
ro
fo
rm
18
Wa
te
r
Su
pp
ly
—
19
76
Di
br
om
oc
hl
or
om
et
ha
ne
10
17
Methylene chloride 1.8
(Also See Table 1.1—9)
Bu
ff
al
o,
N.
Y.
Be
nz
en
e
1
La
ke
Er
ie
Bu
ty
l
Ph
th
al
yl
Bu
ty
l
06
/7
6
Gl
yc
ol
at
e
2
Di
ch
lo
ro
me
th
an
e
5
13
Me
th
yl
—Z
—E
th
yl
He
xa
no
at
e
tr
ac
e
Methyl Palmitate 2
24
TABLE 1.1—6 CONT'D
ORGANIC CONTAMINANTS DETECTED
IN LAKE ERIE WATERS
 
SAMPLING STATION ORGANIC CONTAMINANTS INFORMATION
AND DATE AND CONCENTRATIONS (Hg/L) SOURCE
City of Cleveland m—xylene
Water Supply — 1977 o-xylene
(no concentrations p-xylene
determined) m—dichlorobenzene l9
p—dichlorobenzene
2,5—dimethyldecane
2,6—dimethylundecane
n—tetradecane
n-hexadecane
n—decylcyclohexane
lO-methyleicosane
styrene
bis—(Z—chloroisopropyl) ether
Lake Erie — Mouth Pentachlorophenol 1.7 20
Detroit River - 1977
Point Pelee — 1977 Pentachlorophenol <.005
Mouth — Grand River — 1977 Pentachlorophenol .067
Western Basin — 1977 Pentachlorophenol .005
Eastern and
Central
Basin
—
1977-78
Trichlorofluoromethane
(Freon
11)
175
Dichlorodifluoromethane
(Freon
12)
Carbon Tetrachloride
Trichloroethylene
(See
Table
1.1—24
for
concentrations)
25
TABLE 1.1—7
WAT
ER
ANA
LYS
ES
0F
TRI
BUT
ARI
ES
ENT
ERI
NG
LAK
E E
RIE
 
 
 
  
 
 
SAMPLING STATION ORGANIC COMPOUNDS (Hg/L) INFORMATION
AND DATE AND CONCENTRATIONS SOURCE
. (a)
Flelds Brook, Camphor (IS) - 18
Ashtabula, Ohlo, 1976 Chloroform 9
C H Cl , x > 4, z > 5 6
x y z —' ——
C
H
C
l
,
X
>
4
,
z
>
5
7
x y z —— —-
C H Cl , x > 4, z > 5 99
x y z —- —-
C H Cl , x > 4, z > 5 100
x y z —- —-
C H Cl , x > 4, z > 5 14
x y z —- ——
C H Cl , x > 4, z > 5 3
x y z -— -—
C H Cl , x > 4, z > 5 13
x y z -— <—
Dichlorobenzene 2
l, 2—Dichloroethane 4
Diethyl Hexyl Phthalate 2
Hexachlorobenzene 4
Hexachlorobutadiene 22
Hexachlorobutene 21
Hexachloroethane 3
Methyl—Z—Ethyl Hexanoate (ISNa) -
Methyl Palmitate 3
Methyl Stearate 2
Methyl—t—Butyl Ketone l
Pentachlorobutadiene 38
Pentachlorobutene 64
Pentachloroethane 2
Tetrachlorobutadiene ll
Tetrachloroethane 44
‘l, l, 2, 2-Tetrachloroethane l
Tetrachloroethylene 45
Tetrahydrofuran 318
Trichloroethylene 188
26
  
 TABLE 1.1—7 CONT'D
 
SAMPLING STATION ORGANIC COMPOUNDS (Hg/L) INFORMATION
AND DATE AND CONCENTRATIONS SOURCE
Ash
tab
ula
Riv
er,
Ohi
o
Hex
ach
lor
obe
nze
ne
169
1976 (not quantitated — high levels
indicated)
1973
(see
Tabl
e
Chlo
rina
ted
pest
icid
es
<.Ol
6
1.1—3) and PCBs
Mau
mee
Riv
er,
Cam
pho
r (
Isﬁ
a)
18
Toledo, Ohio, . '
197
6
Dib
uty
l
Pht
hal
ate
1
Diethyl Hexyl Phthalate 1
Methyl—Z—Ethyl Hexanoate (Isfa)
Methyl Palmitate 3
Methyl Stearate 3
Cuya
hoga
Rive
r,
Camp
hor
(IS)
(3>
18
Cleviéigd’ Oth’ Diethyl Hexyl Phthalate 1
Methyl—Z—Ethyl Hexanoate (IS)(a)
Methyl Palmitate 5
Z—Methyl Thiobenzothiazole 3
1,1,2,2—Tetrachloroethane 1
Tetrahydrofuran 2
+ 4 unidentified compounds
1973
Aroc
lor
1254
(see
Tabl
e
13
1.1-8)
0.05 — 0.5
Huron River Phenols <2—8
Flat Rock WTP
197
5_7
6
DEH
P
2.8
8
Not detected — DBP, toxaphene,
chlordane, 2, 4-D, silvex,
endrin, heptachlor, lindane,
methoxychlor, PCBs
Huron River DEHP 2.1 8
(near mouth)
Ber
lin
TWP
git
det
eit
ggP
—
see
abo
ve
-
1976 at Roc
River Raisin Phenols ~4-8 8
Dundee WTP
197
5_7
6
DBP
(01/
76)
1.7
DEHP (01/76) 2.3
Not detected — see above —
Flat Rock WTP
River Raisin DBP 1.0 8
M _
out
h M
onr
oe
DEH
P (
07/7
4)
3.5
 
N
o
t
d
e
t
e
c
t
e
d
—
s
e
e
a
b
o
v
e
—
Flat Rock WTP
  
(a) Detected below quantification
limit 27
 
TABLE 1.1—8
RE
SU
LT
S
‘
CU
YA
HO
GA
RI
VE
R
PC
B
ST
UD
Y*
CUYAHOGA RIVER PCB LOADING
(Distance from
  
SA
MP
LE
La
ke
Er
ie
)
Ar
oc
lo
r
12
54
FL
OW
Ar
oc
lo
r
12
54
DA
TE
MI
LE
PO
IN
T
Ng
/L
it
er
MG
D
Gm
s/
Da
y
5/
2/
73
11
.9
10
5
86
0
34
2
5/
2/
73
21
.5
86
73
0
23
7
5/
2/
73
37
.1
55
54
7
11
6
5/
2/
73
39
.7
12
9
52
2
25
5
5/
2/
73
44
.6
32
5
50
2
61
3
5/
2/
73
46
.9
51
47
0
90
5/
2/
73
51
.7
58
9
43
8
97
6
5/
2/
73
59
.0
51
39
5
76
5/
2/
73
65
.1
39
36
4
53
5/
2/
73
76
.9
61
30
1
69
PC
B
TR
IB
UT
AR
Y
LO
AD
IN
GS
T0
CU
YA
HO
GA
RI
VE
R
SAM
PLE
MIL
E.
Aro
clo
r
125
4
FLO
W
Aro
clo
r
125
4
SAM
PLE
POI
NT
DAT
E
POI
NT
Ng/
Lit
er
MGD
Gms
/Da
y
Big
Cre
ek
5/1
7/7
3
7.2
238
16
15
Mi
ll
Cr
ee
k
5/
17
/7
3
11.
7
187
l9
l3
Ti
nk
er
s
Cr
ee
k
5/
17
/7
3
17
.2
482
78
141
Br
an
dy
wi
ne
Cr
ee
k
5/
17
/7
3
25
.2
18
0
18
12
Fu
rn
ac
e
Ru
n
5/
16
/7
3
34
.5
48
12
2
Mu
d
Br
oo
k
5/
16
/7
3
41
.7
86
15
5
Li
tt
le
Cu
ya
ho
ga
5/
16
/7
3
44
.2
14
0
89
47
Br
ea
kn
ec
k
Cr
ee
k
5/
16
/7
3
58
.8
57
76
16
MA
JO
R
PC
B
PO
IN
T
SO
UR
CE
ID
EN
TI
FI
CA
TI
ON
SOURCE
IN CUYAHOGA RIVER
So
ut
he
rl
y
Se
wa
ge
Tr
ea
tm
en
t
Pl
an
t
Republic Steel
Co
mb
in
ed
se
we
r
ov
er
fl
ow
#1
68
-L
-C
R
Harshaw
Z OF TOTAL PCB LOADING
TO CUYAHOGA RIVER
55
28.2
10
*C
UY
AH
OG
A
RI
VE
R
PO
LY
CH
LO
RI
NA
TE
D
BI
PH
EN
YL
S
ST
UD
Y
19
73
,
A.
S.
Ge
de
on
,
U.
S.
EP
A,
Re
gi
on
V,
Su
rv
ei
ll
an
ce
an
d
An
al
ys
is
Di
vi
si
on
,
Oh
io
Di
st
ri
ct
Of
fi
ce
.
De
ce
mb
er
1973.
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 TABLE 1.1-9
NATIONAL ORGANIC MONITORING SURVEY (17)
Finished Water Analyses Data, Phase One
City: Erie, Pennsylvania
March 1, thru April 3, 1976
Parameter
ug/R
Detection Limit (ug/ﬁ)
carbon tetrachloride ND 2
chloroform 18
1,2—dichloroethane
ND
2
dibromochloromethane 10
bromoform
ND
3
benzene
ND
2
p—dichlorobenzene
.
ND
1
methylene chloride 1.8
1,2,4—trichlorobenzene
ND
1
bis (2—chloroethyl) ether
ND
5
l,l,2—trichloroethylene
ND
3
2,4-dichlorophenol
ND
.01
fluoranthene
ND
.01
ll,lZ—benzfluoranthene A
3,4—benzfluoranthene
ND
.03
1,12—benzperylene
ND
.05
3,4—benzpyrene
ND
.03
indeno (1,2,3—cd) pyrene
ND
.05
bromodichloromethane ND 2
polychlorinated biphenyls (PCBs)
ND
.12
pentachlorophenol
ND
.01
ND — not detected
A _ Analysis not attempted
 TABLE 1.1-10
RE
SU
LT
S
OF
AN
AL
YS
ES
FO
R
PA
HS
IN
RA
W
AN
D
FI
NI
SH
ED
WA
TE
RS
AT
3
LO
CA
TI
ON
S
LOCATION - SAMPLE
 
PA
H
co
nc
.
ng
/L
Bu
ff
al
o,
N.
Y
Sy
ra
cu
se
,
N.
Y.
*
Pi
tt
sb
ur
gh
,
Pa
%
ra
w
fi
ni
sh
ed
ra
w
fi
ni
sh
ed
ra
w
fi
ni
sh
ed
Fl
uo
ra
nt
he
ne
ND
ND
ND
40
7
ND
Be
nz
o(
j)
f1
uo
ra
nt
he
ne
ND
ND
ND
35
.7
0.
3
Be
nz
o(
k)
fl
uo
ra
nt
he
ne
0.
6.
ND
0.
4
19
.1
0.
2
Be
nz
o(
a)
py
re
ne
0.
3
0.
2
0.
3
42
.1
0.
4
In
de
no
(1
,2
,3
-c
d)
py
re
ne
ND
I
ND
ND
60
.4
1.
2
Be
nz
o(
gh
i)
pe
ry
le
ne
3.
8
0.
7
0.
4
34
.4
0.
7
      
(1
)
Tr
ea
tm
en
t
co
ns
is
ts
of
:
co
ag
ul
at
io
n,
ac
ti
va
te
d
ca
rb
on
ad
di
ti
on
,
ch
lo
ri
na
ti
on
,
an
d
fluoridation.
(2
)
Tr
ea
tm
en
t
co
ns
is
ts
of
:
co
pp
er
su
lf
at
e
ad
di
ti
on
,
ch
lo
ri
na
ti
on
,
an
d
fl
uo
ri
da
ti
on
.
(3
)
Tr
ea
tm
en
t
co
ns
is
ts
of
:
li
me
,
fe
rr
ic
su
lf
at
e
ad
di
ti
on
,
ac
ti
va
te
d
ca
rb
on
ad
di
ti
on
,
chlorination and fluoridation.
*N
ot
in
La
ke
Er
ie
Ba
si
n.
Re
su
lt
s
in
cl
ud
ed
fo
r
pu
rp
os
es
of
co
mp
ar
is
on
.
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Table 1
.1-11
Size of M
ajor and
Minor Wat
ersheds
PL
UA
RG
Ta
sk
C
St
ud
y
—
Pe
st
ic
id
es
in
St
re
am
wa
te
rs
 
Grea
t La
kes
Majo
r Wa
ters
hed
Mino
r Wa
ters
hed
Dist
ance
a/
Name
Size
(km2
)
AG—
Name
Size
(km2
)
Lake
Huro
n
Ausa
ble
Rive
r
1562
3
Litt
le A
usab
le R
iver
62
121
Mait
land
Rive
r
2686
6
Trib
. of
Uppe
r
55
110
Ma
it
la
nd
Ri
ve
r
San
gee
n R
ive
r
397
2
14
Mil
l C
ree
k
95
36.7
Lake
St.
Clai
r
Tham
es R
iver
5882
1
Big
Cree
k
51
16.7
3
1
5
Hol
ida
y C
ree
k
30
253
Lake
Erie
Big
Cree
k
7M2
2
Veni
son
Cree
k
79
19.6
Grand
River
6671
u
Canag
agigu
e Cr
eek
19
21M
Hill
man
Cree
k
162
13
Hill
man
Cree
k
20
7.H
Lake
Onta
rio
Humb
er R
iver
317
11
Salt
Cree
k
2”
3u.9
Shel
ter
Vall
ey C
reek
sun
7
Shel
ter
Vall
ey C
reek
57
7.7
Twent
y Mil
e Cre
ek
280
10
North
Creek
30
26.5
a/ Di
stance
from f
low ga
uging
statio
n and
water
sampli
ng sit
e to r
iver m
outh
  
 Table 1. 1-12
The
fre
que
ncy
and
con
cen
tra
tio
n o
f ED
DI‘
fou
nd
in
str
eam
~wa
ter
bet
wee
n M
ay
197
5 a
nd
Apr
il
1977
in
11 a
gri
cul
tur
al
wat
ers
hed
s
  
EDDI‘ - Frequency and Content in Stream Water (ng/ L)
Wat
ers
hed
Per
iod
Ana
lys
is
Not
Tra
ce
Low
Med
lum
ngh
e
SD
May
—Ap
r.
(1!)
Det
.
(0.1
4—
(1.
0-
(11
-10
0)
(10
0+)
(<03) 0.9) 10.0)
AB—l
1975
-76
81
5
U
'42
1'4
0
6 . 7
ND—3
9
11+.
1976
—77
58
1+
2
49
3
0
3.1
ND—l
lt
7 .3
AIS-2
1975
—78
29
1
0
21
5
2
21.
ND—3
'47
139.
1976
-77
3n
1
’2
21
a
2
17.
ND—1
58
76.
[38-
3
197
5—7
6
52
5
1
39
7
O
3.9
153-
96
17 .
1976
—77
57
u
5
1+3
9
1
7 . 1
ND-l
llb
31¢.
AIS-14
197 5
—76
31$
5
0
26
3
0
3 . 8
ND-l
u
8 . 2
1976
—77
'43
2
3
33
5
0
6. 5
ND—9
7
29.
AG—S
1975
—76
55
U
0
N6
5
0
1+. 0
ND—1
7
7.7
1976-
77
56
u
S
38
8
1
11.
ND—26
1
72.
AG-G
1975
-76
58
3
l
1&5
9
0
5.3
ND-5
5
16.
1976
-77
U1
3
3
29
8
0
H. S
N'D—2
3
11.
AIS-7
1975
-76
28
2
0'
20
5
1
10.
1113-
120
'45.
1976
-77
19
1
2
13
3
0
'3. 5
ND-1
3
8.7
AIS-1
0
197 5
—76
2“
2
0
21
l
0
3 . 9
ND—1
3
6. u
1976-
77
37
2
l
28
5
1
8 . 9
ND-12
6
'42.
136-11
1975—
76
18
0
0
15
3
0
5. 6
1. 0—1
7
9. 2
1976-
77
5
0
1
3
1
0
1L7
0.7—1
2
12.
98-13
1975-
76
62
2
0
1&8
12
0
7 . 9
ND—59
17 .
1976-77 87 5 7 61 12 2 9.6 ND—2ll 5H.
AG-lu
1975-
76
1&8
6
0
35
7
0
5. 3
ND-27
12 .
1976-77 1&3 H 1 31 7 0 lb. 9 ND—ZH 11.
TOTAL
:
1975-
76
lH59
35
2
358
71
3
6.7
MID—3H
7
38.
1976-77 1H30 30 32 3H9 82 7 7 .7 ND-211 15.
GRAND
TCﬂ‘AL
: 197
5-77
9H9
65
3”
707
133
10
7.1
ND-31b
7
28.
32
Table 1. 1-13 The frequency and concentration of dieldrin in water collected
from 11 agricultural watersheds between May 1975 and April 1977
 
Frequency and Content in Stream Water (ng/L)
Not Trace Low Medium High Mean Range SD
Watershed Period Analysis Det. (0.”- (1.0— (11-100) (100+)
May—Apr. (#) (<0.”) 0.9) 10.0)
AG—l 1975-76 61 ”l 10 8 2 0 1.5 ND-32 11.
1978-77 5” ”3 ” 7 O 0 0.5 ND-” 1 6
AG—2 1975—76 29 19 3 6 1 0 2.7 ND-63 23.
1976-77 3” 29 l ” 0 0 0.5 ND—5 l 9
AG—3 1975-76 52 ”9 2 l 0 0 <0.” ND-U -
1976-77 61 59 2 0 0 0 <0.” ND-0.9 -
AG-” 1975—76 3” 3” 0 0 0 0 <0.” ND —
1976-77 ”3 42 1 O 0 0 (0.” ND—0.9 -
AG—S 1975—76 55 H9 2 ” 0 0 <0.” ND-l. —
1976-77 56 5” 0 2 0 0 <0.” ND—S -
AG-S 1975—76 58 5” 2 2 O 0 <0.” ND-” —
1976-77 ”1 39 0 2 0 0 <0.” ND—” -
AG-7 1975-76 28 2” 1 3 0 0 0.6 ND-9 3.”
1976—77 19 18 0 1 0 0 <0.” ND-l. -
AG—lO 1975—76 2” 22 2 0 0 0 40.” ND—0.9 -
1976-77 37 3” 1 0 2 0 2.7 ND-82 27.
AG-ll 1975-76 18 18 0 0 0 0 40.” ND —
1976-77 5 5 0 0 0 0 <0.” ND -
AG—13 1975—76 62 16 3 28 1” l 8.0 ND—l20 31.
1976—77 87 18 2 U3 2” 0 6.8 ND~33 l”.
AG—l” 1975-76 ”8 ”5 2 1 0 0 <0.” ND—l. -
1978-77 ”3 N1 1 l 0 0 <0.” ND—l. -
TOTAL 1975—76 ”69 371 27 53 17 1 1.6 ND-l20 1”.
1976—77 usd 382 12 so 26 o 1.7 ND-82 11.
GRAND TOTAL21975-77 9”9 753 39 113 ”3 l 1 6 ND—120 12.
Table 1.1-1-4 Frequency 8 concentration of chlordane and heptachlor epoxide in water collected
from 11 agricultural watersheds between May 1975 and April 1977
Frequency 5 concentration in Stream Water- (ng/ L)
 
Watershed Period Analysis Not Trace low Medium High Mean Range SD
May-Apr. (if) Det. ((0.9) (1.0—10) (ll-100) (100+)
Chlordane
E—l 1975—77 115 11” 0 1 0 0 <0.” ND-” —
AG—2 " 63 62 0 l 0 0 <0.” ND—” —
AIS—3 " 113 111 0 l 1 0 <0.” ND-ll -
136—” " 77 76 0 1 0 0 <0.” ND-” -
AG—S " 111 107 0 3 1 0 <0.” ND—”7 9.0
AG-G " 99 98 0 l 0 0 <0.” ND—” -
AG—7 " ”7 ”7 0 0 0 0 ND ND —
AG-lO " 61 60 0 1 0 0 40.” ND~” —
AG—ll " 23 23 0 0 0 0 ND ND —
AG-13 " 1”9 1”6 0 3 0 0 <0.” ND-lO —
AG-l” " 91 90 0 1 0 0 <0.” ND—” -
TOTAL 1975—77 9”9 93” 0 l3 2 0 <0 ” ND—”7 —
Hegtachlor EExide
AG—l 1975-77 115 108 3 ” 0 0 <0.” ND—2 -
AG—Z " 63 59 2 1 1 0 <0.” ND—23 —
AG-3 " 113 111 2 0 0 0 <0.” ND-0.7 -
AG—” " 77 77 0 0 O 0 ND ND -
AG—S " 111 107 0 3 1 0 (0.” ND-15 —
AG—G " s 99 99 0 0 0 0 ND ND —
AG-7 " ”7 ”7 0 0 0 0 ND ND —
AG—lO " 61 59 l l 0 0 <0.” ND-2 —
AG-ll " 23 22 0 1 0 0 <0.” ND—l —
AG—l3 1975—76 62 55 0 3 3 l 7.6 ND-370 9”
1976—77 87 57 1 20 9 0 2.9 ND—25 12
AG—l” 1975-77 91 91 0 0 0 0 ND ND -
TOTAL 1975—77 9”9 892 9 33 1” l 0 8 ND—370 2”
33
 Table 1.1-15 Frequency and concentration of chlorophenoxy and chlorobenzoic acid herbicides
in water collected fran ll agricultural watersheds between May 1975 and April 1977
 
Frequency and content in water (ug/L)
 
Low Medium High
Watershed Period Analysis Not ( 0 . l— (l .1— (10 . 1 Mean Range SD
(May-Apr) (#) Det. 1.0) 10.0) + )
2,l+-D
AG-l 1975-76 61 52 6 2 l 0.3 ND—15.9 l4 1
1976-77 51+ '45 8 1 0 0.1 ND—3.9 1.1
AG-2 1975—76 29 28 1 0 0 <0.1 N'D-O.3 -
1976-77 3'4 30 3 1 0 <0.1 ND-1.l -
PIS—3 1975—76 52 L86 6 0 0 <0.1 ND-0.7 —
1976-77 61 60 l O 0 <0 .1 ND—0.3 -
AG—Lb 1975-76 3’4 31 3 0 0 <0.1 ND-0.8 -
1976-77 '43 ' 1+1 2 0 0 <0.1 ND—0.8 -
AG—S 1975—76 55 50 5 0 0 <0.1 NIB-0.3 -
1976-77 56 51+ 2 0 0 <0.1 ND-0.3 -
AG-B 197 5-76 58 514 '4 0 0 <0.1 ND-O. 8
1976-77 ‘41 39 0 2 0 <0.1 ND-2.1 -
AG-7 1975—76 — 28 26 2 0 0 <0.1 ND-0.3 -
1976-77 19 17 2 O 0 <0.1 N'D—OA —
AG-lO 1975—76 214 23 l 0 0 <0.1 ND—0.3 -
1976-77 37 37 0 0 0 ND ND -
AG-ll 1975—77 23 23 0 0 0 ND ND -
AGE—13 1975-76 62 55 6 0 1 5.2 ND—320. 81.
1976—77 87 83 U 0 0 <0.1 DID-0.6 —
AG—lu 1975—76 “8 ‘48 0 0 0 ND ND -
1976~77 [63 H1 2 I 0 0 ‘0.1 ND—0.8 -
TOPAL 1975-76 169 '431 3'4 2 2 0.7 ND-320. 29.
1976—77 '480 I452 21; 1+ 0 ‘0.1 ND-3.9 0.5
GRAND 1975-77 9149 883 58 6 2 0.1+ ND-320. 20.
TOTAL
Frequency and content in water (qg/L)
Low Medium High
Watershed Period Analysis Not (0 . l— (l . l— (10 . 1 Mean Range SD
. (May-Apr) (if) Det. 1.0) 10.0) + )
use;
AG-l 1975-76 61 55 5 1 0 < 0.1 ND-l.1 -
1976-77 5'4 50 1+ 0 0 <0.1 MID-0.8 -
AG-S 1975-77 113 111 2 0 0 <0.1 ND-O.3 -
AG-u 1975-77 77 76 l 0 0 <0.1 DID-0.8 -
AIS-7 1975-77 1+7 1+6 1 0 0 <0.1 ND—0.3 -
98-10 1975-77 61 60 1 0 0 <0.1 DID-0.3 -
AG—13 1975—77 199 1H3 6 0 0 <0.1 ND-0.3
AB—2,5,6,ll,1l+ 387 387 0 0 0 ND ND
TOTAL 1975-77 9149 928 20 l 0 ‘0.1 ND—1.1 -
MCPA
AB—U 1975-77 77 75 2 0 D 4 0.1 ND—0.3 -
98-6 1975-77 99 98 l 0 0 ‘0.1 I‘m-0.3 -
AG-13 1975-77 1H9 1H8 1 O 0 ‘0.1 ND-0.3 —
AG-l“: 1975-77 91 89 2 0 0 40 . 1 ND-O . 3 -
As-1,2,3,5,7,10,11 533 533 0 o 0 ND ND —
TOTAL, 1975-77 9'49 9N3 6 0 0 ‘0.1 _ND-0.3 -
dioamba
AG—l3 1975-77 1'49 198 1 0 0 (0.1 ND-0.7 -
AG-l,2,3,u,s,5,7,
10,11,114 800 800 0 0 0 ND ND —
TUI‘AL 1975—77 909 9148 1 0 0 <0.1 ND-0.7 _
AG-13: One sample contained 320 ug/Land was associated with the spraying of the streambank.
34
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u
“
a
A
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Table 1.1-l6
Frequency and concentrations of total endosulfan in water collected
from 11 agricultural watersheds between May 1975 and April 1977
 
Freguency of SEndosulfan in water (ng/L)
 
Not ’I‘c‘ace [ow Medium High Mean Range SD
Watershed Period Analysis Det. (0.H— (1.0- (11—100) (101+)
(May—Apr) (#) <<o.u) 0.9) 10.0)
AG—l
1975—
76
61
H2
0
17
2
0
2.7
ND—Hl
12.3
1976—77 5H H5 2 7 0 0 0.5 ND—9 2.5
AG—2
1975—
76
29
21
0
5
3
0
2.2
ND—17
9.6
1976—
77
3H
30
0
3
1
0
1.0
ND—17
6.5
AG-3
1975—
76
52
H6
2
H
0
0
<0.H
ND—6
1.7
1976—77 61 60 0 l 0 r 0 <0.H ND-8 2.0
AG—H 1975—76 3H 33 0 1 O 0 <0.H ND—6 2.0
1976-77 H3 H1 1 1 0 0 <0.H ND—H 0.H
AG—S
1975—
76
55
50
0
5
0
0
0.5
ND—B
2.6
1976—77 56 SH 1 1 0 0 CO.H ND—6 1.6
AG—6
1975—
76
58
51
0
5
0
2'
5.5
ND—l7
3
52.
1976-
77
H1
39
1
1
0
0
<0.H
ND—2
0.6
AG—7
1975-
76
28
27
O
0
0
1
H.8
ND—12
8
H9.
1976—77 l9 l9 0 0 0 0 ND ND —
AG—1
0
1975
—76
2H
22
0
2
0
0
40.H
ND-H
1.6
1976—
77
37
35
0
2
0
0
&O.H
ND—3
1.1
AG-l
l
1975
—76
18
17
0
1
0
0
<0.H
ND-H
2.1
1976—
77
5
5
0
0
0
0
ND
ND
—
AG—l3
1975—
76
62
22
1
9
30
0
16.
ND—10
0
38.
1976—77 87 22 3 18 HH 0 15. ND-52 29.
AG—lH
1975—
76
H8
HH
1
2
1
0
0.5
ND—ll
3.9
1976—
77
H3
H1
2
0
0
0
<0.H
ND—0.
7
0.3
TOTA
L
1975
—76
H69
375
H
51
36
3
3.7
ND—1
73
28.
1976
-77
H80
391
10
3H
H5
0
2.9
ND-5
2
17.
GRAN
D TO
TAL
1975
-77
9H9
766
1H
85
81
3
3.3
ND-1
73
23.
Table 1.1-l7
Fre
que
ncy
and
con
cen
tra
tio
n o
f P
CB
in s
tre
am w
ate
r c
oll
ect
ed
fro
m
11 agricultural watersheds between May 1975 and April 1977
Frequency and content in vater (gg/L)
Wate
rshe
d
Peri
od
Anal
ysis
Not
Low
Medi
um
High
Mean
Rang
e
SD
May—Apr. <#) Det. (2— (11— (100+)
(< 2) 10) 100)
AG—
l
197
5—7
6
61
2
5
53
1
H0
10-
110
H3
1976
—77
5H
0
19
35
0
2H
ND—6
0
31
AG-
2
197
5-7
6
29
0
2
27
0
H6
H—l
OO
53
197
6-7
7
3H
2
6
25
1
30
ND-
200
68
AG-
3
197
5-7
6
52
l
3
H8
0
39
10—
100
37
197
6-7
7
61
3
11
H6
1
28
ND-
200
57
AG-H
1975
—76
3H
2
6
26
0
36
ND-9
0
50
1976
-77
H3
6
11
26
0
20
NDh
50
32
AG-
S
197
5—7
6
55
1
6
H8
0
H0
ND-
80
H1
197
6—7
7
56
8
9
39
0
2H
ND—
100
H1
AG-
G
197
5—7
6
58
3
8
H7
0
35
ND—
80
H3
197
6—7
7
H1
2
9
30
0
25
ND-
60
31
AG-
7
197
5—7
6
28
0
1
27
0
H1
10:
100
H5
197
6—7
7
19
1
3
15
0
22
ND-
60
2H
AGH
10
197
5—7
6
2H
2
3
18
l
35
ND—
110
23
197
6-7
7
37
5
7
25
0
23
ND—
60
38
AG~
11
197
5—7
6
18
2
1
15
0
36
ND—
IOO
50
197
6—7
7
5
0
l
H
0
2H
lO-H
O
62
AG-
l3
197
5-7
6
62
2
6
5H
0
39
10—
100
38
197
6-7
7
87
5
20
61
1
2H
ND-
l20
35
AG-
lH
197
5—7
6
H8
H
8
36
0
36
ND-
lOO
H9
197
6-7
7
H3
2
9
32
0
23
ND-
60
31
Tot
al
197
5—7
6
H69
19
H9
399
2
38
ND-
110
H3
1976
-77
H80
3H
105
338
3
25
ND-2
00
H1
Gran
d To
ta1:
1975
~77
9H9
53
15H
737
5
31
ND—2
00
H2
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 Table 1. l~18
Frequency and concentrations of organophosphorus insecticides in water
collected from 11 agricultural watersheds between May 1975 and April 1977
 
Frequency and content in water (ug/L)
 
Watershed
Period
Analysis
Not
Low
Medium
High
Very
Mean
Range
SD
May—Apr. (#) Det. (0.01— (0.11- (1.1- High
((0.01) 0.10) 1.0) 10.0) (10+)
Chlomifos
AG—2
1976-77
63
62
0
1
0
0
<0. 01
N'D-O.15
-
AG—S
1975—77
111
110
0
O
l
0
0.01
N'D-l.60
0.29
AG—13
1975-77
1149
198
0
1
0
O
(0.01
ND-O. 25
-
AG—1,3,l&,6,7,10,11,1l& 626
626
0
0
0
0
ND
ND
-
Total
1975—77
999
996
0
2
1
0
<0. 01
ND—l. 60
-
Diazinon .
AG—2
1975—77
63
62
0
0
0
1
0.92
ND—2S.
6.”
AG-3
1975—77
113
112
1
0
0
0
<0. 01
ND-O. 03
—
AG-13
1975-76
62
ul
1
11
5
1+
5.75
ND-1’40.
1+5.
1976-77
87
23
1’4
32
17
1
1. 02
N'D—26.
5.8
AG—l,‘+,5,6,7,10,11,114 62'4
62'4
0
0
0
0
ND
ND
-
Total
1975-77
9149
862
16
143
22
6
0.1-l9
ND—1140.
12.
Ethion
AG-3
1975-77
113
112
1
0
0
0
40.01
ND-O. 0H
—
AG-S
1975—77
111
110
1
0
0
0
40.01
ND—0.02
-
AG-1,2,u,6,7,10,11,
13,1”
725
725
0
0
0
0
ND
ND
—
Total
197 5-77
9149
9147
2
0
0
0
‘0. 01
ND—O. 014
—
Malathion
AG—13
1975-77
11+9
1'46
0
3
1
0
0.02
ND-1.80
0.32
As-1,2,3,u,5,-6,7,10,
11,11}
800
800
0
0
0
0
ND
ND
-
Total
1975-77
9149
9'45
0
3
1
0
40.01
ND-1.80
-
Table 1. 1-19
Frequency and concentrations of atrazine and desethylatrazine in water
collected from 11 agricultural watersheds between May 1975 and April 1977
Watershed Period
Atrazine and its metabolite - Frequency and content in water (ug/l)
Analysis Not Trace Law I Medium High Mean Range SD
May-Apr. (#) Det. (0.04- (0.1— (1.1- (10.1
(‘0.09) 0.09) 1.0) 10.0) +)
AG-l 1975—76 61 5 10 30 ll; 2 2.2 <0.00—18.2 5.7
1976—77 514 1 1 27 20 5 3.2 ‘0.0Li-22.6 9.9
AG—2 1975—76 29 13 8 7 0 1 0. 57 c0. 014-13 . 1 u . 9
1976-77 3” 22 3 8 1 0 0.17 40.04- 1.8 0.73
AG-3 1975-76 52 0 0 22 21+ 6 3.2 ‘0.‘+ -31.7 10.8
1976-77 61 1 0 33 25 2 2.0 40.0u-2u.7 7.0
AG-H 1975—76 30 2 3 25 3 1 1.2 0.07—114.7 5.9
1976-77 ’43 2 14 27 9 1 1.5 ‘0.0H-27.1 8.5
AG-S 1975-76 55 H 2 37 12 0 1.0 (0.0|+- 6.6 3.1
1976-77 56 3 2 38 13 0 0.89 40.0H— 7.7 2.1
AG-B 1975-76 58 23 11 23 1 0 0.13 <0.04— 1.2 0.1-H4
1976—77 141 26 3 12 0 0 0.07 ‘0.0!+—- 0.52 0.18
AG—7 1975—76 28 11 9 8 0 0 0.10 40.014— 0.6 0.35
1976—77 19 19 0 0 0 0 40.01% 40.04 -
AG-10 1975—76 2'4 0 0 20 3 1 1.9 0.07-10.3 5.6
1976-77 37 1 2 18 8 8 5. 5 ‘0.0|+—32.8 18.2
AG—ll , 1975—76 18 0 0 16 2 0 0.99 0.1 — 1.2 0.61
1976—77 5 1 2 2 0 0 0.09 ‘0.01+- 0.3 0.28
AIS-13 1975-76 62 32 7 15 8 0 0.39 ‘0.0'4’- 0.14 1.6
1976—77 87 20 11 '46 9 1 0.66 ‘0.01+—10.8 2.9
AG-lLl 1975-76 '48 2 6 32 7 1 1.0 <0.0’4-13.3 13.5
1976—77 03 0 1 33 7 2 1.6 ‘0.01#‘—18. 0 21.
Total 1975-76 '469 92 56 235 714 12 1.1 ‘0.0‘4-31.7 6.6
1976-77 1480 96 29 21W 92 19 1.6 <0.01¢ ~32.8 9.8
Grand Tota1:l975—77 9149 188 85 Ll79 166 31 1.1+ <0.0'+—32.8 8.1+
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 Table 1. 1-20 Wequency and concentration of several organonitrogen herbicides in hater
collected from 11 agricultural watersheds betweenMay 1975 and April 1977
Frequency and content in water (ug/L)
 
Watershed Period Analysis Not Trace Low Medium High Mean Range
May-Apr. (#) Det. (0.014- (0.10— (1.1- (10.10
(<0.0U.) 0.09) 1.0) 10.)
Alachlor
AG-3 1975—77 113 111 l O 1 0 0. 08 ND—9.0
AG-ll 197 5—77 23 22 1 0 0 0 £0.00 ND—O. 07
AG-1,2,u,5,6,7,10,
13,1U 813 813 O O O 0 ND ND
Total 1975—77 9149 9'46 2 O 1 0 -’ 0.0M ND-9.0
razine
AIS-1 1975—77 115 113 2 0 0 O 4 0.014 ND—0.07
AG-2 1975—77 63 60 3 0 U 0 40.014 ND—U.07
AG-3 1975-77 113 111 1 0 U 1 0.16 N'D—18.0
AG—u 1975—77 77 76 0 1 O O 40.014 ND—0.3
AG—S 1975—77 111 109 0 2 0 O 40.014 ND-O 3
AG-lO 1975-77 61 59 l 1 0 O (0.014 ND—0.3
AG-lu 1975-77 91 89 0 2 O O ‘ 0.014 ND—U 3
AG-6,7,11,l3
1975—77 318 318 O 0 0 0 ND ND
Total 1975—77 9109 935 7 6 1 ~‘ 0.01; ND-18. 0
Metribuzin
AG—l 1975—77 115 110 0 L0 1 0 <0. 0H ND—l. 2
AG-S 1975-77 111 110 O O 1 0 ‘0. ON ND-1.U
AG—6 1975-77 99 98 1 0 0 0 40.0% ND—O. 07
AG-13 1975-77 1'49 1H2 2 5 0 O 4-0.0H ND—l.0
AG-2,3,u,7,10,11,116
1975-77 1475 1475 0 0 0 0 ND ND
Total 1975—77 9’49 935 3 9 2 0 <0.0’-& ND—lJJ
Pranetone
AG-S 1975-77 111 110 l 0 O 0 40.014 ND-O. 07
AG—G 1975—77 99 97 2 0 O 0 40.014 ND-O. 07
AIS-10 1975-77 61 57 '4 0 0 O (—0.914 ND-0.07
AG-13 197 5—77 199 198 l 0 0 0 40.0H ND-0.07
AG-1,2,3,u,7,11,114 529 529 0 0 0 0 ND ND
Total 1975-77 9&9 91+1 8 O 0 0 4 0.0'4 ND—0.07
Simazine
AB-l 1975-76 61 US 12 1+ 0 0 0.0L; ND-O. 20
1976-77 51¢ 29 5 17 3 0 0.37 ND-3.l+0
AG—3 1975-76 52 50 2 0 0 0 L0.0u ND-0.07
1976-77 61 55 3 3 0 0 <0.01+ ND—O.50
AG-u 1975-76 314 314 0 0 0 0 ND ND
1976—77 143 39 2 2 0 0 < 0.014 ND-O. 20
ALE—5 1975-77 111 103 8 0 0 0 40.01; ND—0.07
AG-G 1975—77 99 98 0 l 0 0 40.014 ND—0.10
AG-lO 1975-78 21; 23 1 0 0 0 ‘ODM ND—0.07
1976-77 37 26 6 5 0 0 0.0'4 ND-0. 30
AIS-13 1975-76 62 57 5 0 0 0 40.015 ND—0.07
1976-77 87 83 H 0 0 0 < 0.09 ND—O. 07
AG-lu 1975-77 91 ‘ 88 3 O 0 O <ODl+ ND-0.07
AG-2,7,ll 1975-77 133 133 0 0 0 0 ND ND
Totals 1975—76 1469 W42 22 5 0 0 -‘ 00H ND—O. 20
1976—77 1&80 14121 29 27 3 0 0. 06 ND-3J40
Grand Total:1975-77 9H9 863 51 32 3 0 0.0a ND—3.l+0
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Tab
le
1.1
-21
Freq
uenc
y an
d c
once
ntra
tion
of c
arh
mut
cs
in w
ater
coll
ecte
d
from 5 agricultural watersheds between June-August 1976
 
Frequency and contents in water (ug/L)
Wate
r—
Peri
od
Anal
ysis
Not
Trac
e
10w
Mean
Rang
e
Amou
nt
 
she
d
det
.
(absent) (<03) (0.5—1.0) (g)
Carbofuran
AG—3
June
—Aug
. 1
976
l?
8
1
w
<0.
3
ND—l
0
70 7
AG—B
July
—Aug
. 1
976
5
5
0
0
.‘ID
NI)
0 0
AG—1
3
June
—Aug
. 1
976
25
20
l
q
< 0.
S
HD—l
0
0 3
TOTA
L
H3
7.3
2
8
40.5
FIB—1
.0
21.0
EPIC (absent) (0.1-0.5)
AG—2
June
—Aug
. 1
976
5
5
0
0
ND
ND
0. 0
AG—3
June—
Aug.
1976
l?
17
0
0
ND
ND
0. 0
AG-ﬁ
June-
Aug.
1976
R
’4,
O
0
ND
ND
0.0
AG—7
Aug.
1976
.7
?
0
0
ND
MD
0.0
AG-l3
June—
Aug.
1976
23
27
7,
0
«0.1
ND—0.
2
0.1
TOTAL
53
50
3
0
(0.]
0.1
Tabl
e 1.
1—22
Pesti
cides
used
past
and p
resen
t in
Ontar
io ag
ricul
ture
and o
n mad
side
s
with the frequency of their presence in water May, 1975 and April, 1977.
Insecticides Fungicides Herbicides Nanatocides Others Industrials
Growth
Present Past Regulators
Project 5—Survey (M) 27 0 10 3H H 2 0
Project uB—Analysis<#> 20 e 1 16 o 0 2
-Volume (95) 93.1 0.1 714.8 0 0 0
Frequency in Water Insecticides Fungicides Herbicides Industrials
Frequent
(1+0 - 100%) p,p—'-DDE ——— atrazine and PCB
desethyl
atrazine
Infrequent
(10 - “0%) p,plTDE, p,plDDI,
dieldr‘in —-— ——— —--
B-endosulfan
& endosulfan
sulfate
Rarely I
(l - 10%) cis 6 trans —-— 2,14-D,
chlordane simazine, 2,14,5—T
o,1>1DUI‘,diazimn
a-endosulfan,
heptachlor epoxide
Occasionally
(less than 196) chlorpyrifos ——- alachlor, cyprazine
ethion, malathion dicamba, MCPA
' prometone -——
38
 
Table 1.1—23
 
DISSOLVED ORGANOCHLORINE CONTAMINANT RESIDUES IN OAKVILLE CREEKSW':
AND GRAND RIVER WATERS, JULY AND SEPTEMBER 1976 (ng/l)
95% CONFIDENCE LIMITS).
(>7: AND
Chemical
# of Analyses OakvilleCreek Grand River
PCB 9 3.5 i 1.2 2.6 i 0.65
HCB 9 0.04 i 0.03 0.02 i 0.02
X — BBC 9 2.24 i 1.14 l 91 + 0.97
LINDANE 9 1.55 i 0.8 0 67 i 0.16
B — BBC 9 ND ND
HEPTACHLOR 9 ND ND
ALDRIN 9 ND ND
HEPTACHLOR EPOXIDE 9 0.22 i 0.13 0.42 i 0.20
THIODAN I 9 ND ND
THIODAN II 9 ND ND
DIELDRIN 9 0.36 i 0.14 0 32 i 0.05
ENDRIN 9 0.19 i 0.13 0 12 i 0.10
Z — DDT 9 0.55 i 0.35 0.36 i 0.13
X — CHLORDANE 9 0.21 i 0.03 0 13 i 0.02
Y — CHLORDANE 9 0.14 t 0.03 0.10 i 0.02
MIREX 5 0.07 i 0.04 0.08 i 0.04*
*September values only
ND - non detectable
7'<>'<In Lake Ontario Basin
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 CONCENTATIONS OF FREONS AND CHLORINATED HYDROCARBONS IN
THE OPEN WATERS OF LAKE ERIE (175)
TABLE 1.1—24
Concentrations (ng/L)
Mean of Station Means
 
Compound Area # Stations and Standard Deviations
1978 1977
Freon 11 Eastern 15 57t22
(Trichloro fluoro Basin 10 l36f34
methane)
Central 78 28tl6
Basin 80 34f22
Freon 12 Eastern 15 40f22
(Dichloro difluoro Basin 10 102f48
methane)
Central 78 80f3l
Basin 80 69f33
Carbon Tetrachloride Eastern 94 l9fll
Basin
Central 92 47f41
Basin
Trichloroethylene EaStern 94 20f13
Basin
Central 92 ll+9
Basin -
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1.2 DATA ON SEDIMENT QUALITY — LAKE ERIE
Heavy Metals
Concern on the possible effects of mercury discharges from chlor—
alkali plants along the St. Clair and Detroit Rivers resulted in the
initiation of intensive sediment analyses programs in the Lake Erie
Basin. The programs generally determined several heavy metal con—
centrations, in addition to mercury, and the results of many of the
studies are noted in Table 1.2—1 (references 21—27).
The distributions of mercury in sediments of the Western Basin during
1970, 1972 and 1976 are illustrated in Figures 1.2—l to 1.2—4.
Thomas and Jaquet (25) illustrated the distribution patterns of mer—
cury in the surficial 3 cm of sediments throughout Lake Erie in 1971
(Figures 1.2-5 and 1.2—6). The actual mean mercury levels and the
ranges are shown in Table 1.2-2. The profiles of mercury concentra-
tion at various sediment depths which were determined by Kemp and
Thomas (26) are shown in Figure 1.2—7. In Figure 1.2—7, Stations 4—7
for Lake Erie are located in the Western Basin; Station 8 is in the
Central Basin; and, Station 9 is in the Eastern Basin. All studies
appear to show higher levels of mercury in the "deeper, central part
of the basin in a fanwise distribution emanating from the Detroit
River mouth" (24). The Ontario Ministry of the Environment (24)
stated that its "data reveal a slight decrease (not significant at a
90% confidence level) in the mean concentration when compared to
earlier data. Mercury levels in 1976 exhibited an almost normal
distribution compared to a heavily—skewed distribution existing in
1970..."
The Pollution from Land Use Activities Reference Group (PLUARG) in its
1977 report to the IJC, presented its findings on lead concentrations
in Great Lakes sediments (28). In Figure 1.2—8, two plumes are
observed: from the Detroit River to the Western Basin of Lake Erie;
and, from the Cleveland Region to the Central Basin. On the basis of
the 1977 PLUARG report, the following information is presented:
profiles of lead in Great Lakes sediment cores (Figure 1.2—9); lead
concentrations in the topmost 3 cm of Lake Erie sediments (Table 1.2-
3); and a mass balance for lead in Lake Erie (Table 1.2—4).
A 1973—74 study of selenium levels in Western Lake Erie by Adams and
Johnston (5), showed a range from 0.10 to 0.75 ppm selenium (Table
1.2—5).
Profiles for other metals in Lake Erie sediment cores, which were
reported in 1974 by Walters_gt_al. (30), are shown in Figures 1.2—10
to 1.2—l3. Actual analytical data for some cores are given in Table
1.2—6.
Tables 1.2-1, 1.2—7 and 1.2—8 summarize nearshore sediment quality
(22, 27) including sediments from tributary outlets (31), areas near
point source discharges (22, 32) and harbors (33—40). Information in
Table 1.2—8 (references 33-39) was obtained from the EPA Region V
Harbor Sediment Sampling Programs.
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During investigations of the Pollution from Land Use Activities
Reference Group, levels of pesticides and PCBs were determined within
Lake Erie sediments (42, 43). The determined values of DDE, TDE, HEOD
(dieldrin) and PCB in Lake Erie sediments are given in Table 1.2—10.
Distributions of the compounds are shown in Figures 1.2-14 to 1.2—16.
The results of sediment core studies and suspended solid analyses are
noted in Tables 1.2—11 and 1.2-12 (43). The suspended solids were
analyzed for the purpose of evaluating the role of hydraulically
sorted fine fractions of sediments coming from Lake St. Clair in
transporting contaminants to Lake Erie.
Organic contaminant levels in harbor and nearshore sediments of Lake
Erie are shown in Table 1.2-8 and 1.2—13. The latter table also notes
the organic contaminants which were not detected (27).
Pesticide scans were made of seven Maumee watershed surface soils and
the bottom sediments of three rivers in the watershed (11). Six
organophosphate standards were used in the scans, however, the observed
peaks did not correspond to any of the standards. The peaks observed
were likely due to phosphate or phosphorylated compounds, but the
identity remained unresolved. Thirteen organochlorine pesticides were
sought. Of seven surface soil samples, one sample contained 0.9 ppb
p,p'—DDD; of the three river samples, a sample from the Auglaize River
contained 2.8 ppb p,p'-DDD and a sample from the Tiffin River contained
0.5 ppb o,p—DDD and 0.9 ppb dieldrin. A sediment sample from the
Maumee River contained no organochlorine pesticides above the detection
level.
Table 1.2-14 summarizes the residues of pesticides found in stream bed
sediments in eleven agricultural watersheds in Southern Ontario from
1974—77 (170). Watersheds AG—Z, AG-4 and AG-l3 are within the Lake
Erie Basin and are described in Table l.l—ll. Another PLUARG study
evaluated organochlorine residues associated with suspended solids
in the waters of the Grand River (171). The results are shown in
Table 1.2—15.
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TABLE 1.2—1
 
LAKE ERI
E SEDIME
NTS
- METAL ANALYSES
SAMPLE
DATE
SAMPLING STATION
0R DESIGNATION
NUMBER
SAMPLING
SITES
C 0 N
C E N
T R A
T I 0
N
- p p m
d
r
y
w e 1 g h t
 
MER
CUR
Y
LEAD ZINC
NICKEL
ARSENIC
CADMIUM CHRO
MIUM
CO
PP
ER
INFORM
/VF I (
)N
SOURCE
 
1967-68
19
70
1970
1970
19
70
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
(1976)
1970
 
Island Area « Lake Erie
Detroit River Mouth
Detroit River Light
Monroe, Raisin River
Monroe Navigation Channel
Maumee Ri
ver Mout
h
Maumee River
Black River Mouth
Ashtabula
River Mou
th
Clevela
nd Harb
or
Fairpor
t Harbo
r
Presque Isle Bay
Buffalo River Mouth
Sandusky Bay
Lake Erie — 3 mi. No. of,Dunkirk
5- 5 mi. No. of Vermillion
— 1 mi. No. of Vermillion
- 2 mi. No. of Cleveland
east entrance
- 3.25 mi. No. of Cleveland
Harbor
Lake Erie — Western Basin
Lake Erie Western Basin
(See Fig. 1.21)
Lake
(See
Erie - Western Basin
1.2—3)
Lake Erie
(See Fig.
— Western Basin
1.2—2
Lake Erie Basin
Areas > 1 ppm
— Black River
- Clevela
nd Easter
ly
STP outfall area
 
11
36
28
16
5
7
48
 
I
L
n
0
V
V
V
V
@
Q
m
C
O
O
O
O
H
O
O
H
w
C
O
O
O
O
H
N
H
M
H
H
H
H
H
N
H
N
H
H
H
H
H
V
V
V
V
V
V
\
‘
f
N
1.29
:1.0
4
(0.05—4.6)
<0
.5
(wet weight)
0.8-2.1
(dry weight)
(002—1.92)
.969f.523
1-8
6
Q
 
5.9
160
150
150
3
4
140
8
2
7
9
34
0
51
200
420
6
2
100
97
7
3
6
4
8
5
86:48
(
3
0
-
1
7
150
600
36
0
500
9
6
33
0
34
0
30
0
1200
240
550
1200
160
39
0
250
140
200
260
224:16
3) (5
4—530)
  
20
100
50
100
40
50
40
60
60
30
5
0
40
20
5
0
40
3
0
20
20
 
7.9:
2.5
(4-12.3)
<3
0
<30
<3
0
<30
<3
0
<30
<3
0
<3
0
<3
0
<30
<30
<3
0
<30
<3
0
<30
<30
<30
<3
0
5.At
3.8
(2.2—13.7
  
3
0
19
0
6
0
200
26
100
68
910
200
210
110
260
33
67
67
20
36
3
1
1771119
(50-
362)
 
3
6
140
58
160
39
79:46
(30—183)
 
21
2
3
24
22
2
4
22
 
  
TABLE
1. 2-1
CONT' D
NUM
BER
SAMPLE SAMPLING
STATION SAMPLIN
G C 0
N C E N T R A T I 0 N
' P m d r Y " e 1
g h t
INFORMATION
DATE 0R DESIG
NATION SITES
MERCURY LEAD ZI
NC NICKEL ARSENIC
CADMIUM CHROMIUM co
ypER COBALT SOU
RCE
 
- A
sht
abu
la
Riv
er
— Bu
ffal
o Ri
ver
1970
Maumee R
iver
<1
-2
1—4
<0.5 22
(wet weight)
1971
Lake Eri
e
259
0.58:0.5
6
(see Figs. 1
.2—5, 1.2-6
(0.008-2.93)
25
‘
Table 1.
2-2
1973
Michigan
nearshor
e waters
— Lak
e Eri
e
—North region
.95f.21 61.6fl4.7 249
+41 49+14 <2.4+1.1
4 6
-South region
.19+.05 17.2+5.5 69
-1113 2219 <2.5$1.
1 1.6
1973 Port
Colborne
_ _
- —
—
- Immediate vicinity of 2 305-398 4800—5630 245—351 235—248 32
Algom
a, In
co Ef
fluen
t
Discharges
— Nickel Beach
7 18.9-
57.7 115-796
7.7-35.6 15—53.5
— Welland Canal
2 59.4-
73.4 97.2—257
35.8—44.5 16.9-32.7
1973
Ashtab
ula Ha
rbor
-Control
Area
25
0
-Previou
s Dumpin
g Site
7
0.
1974
Ashtabul
a Harbor
7 <
0
N
x
‘
f
l
n
f
4
49i
n.
501
310
27
f .6 141- 3 19in
4
4
2
3—4.3 56—89
33
2 .
.8—12.9 70—122
2-4.6 <10
-20 130-15
0 130—210
7—25
4-12 42—2
100 16-30
<6—42
34
1975 Ashtabula Harbo
r 11
0 1 . 12—36 106-1
56 19-38 11—16
<1 22—82 26—4
8 3
5
1974 Conneaut Harbor
10 <0.2—O.7 10
—50 100—140 110—270
7—15 1.9—7.4 23—4
9 15-54 14—36
36
1974 Port
Clinton Harb
or
1 0.
2 <10
10 4O
<2 3.
5 6
<3 1
1
37
1974 Fairport Harbor
12 < 4 0.6 20
—50 100—400
44—102
38
1975 Fairport Harbor
10 0 1 13
-57 80—161 16—40
6—16 <l—2.5 55-1
30 26—46
39
1974(?) Wes
tern Basin
30-173
30—183
40
Leamington
8.8-12.2
40
Port Stanle
y
34.1—82.6
30.4—44.8
Port Burwell
18.8—29.9
14.6—19.6
1974
Lake Eri
e (see F
igs. 1.2
—10 to
1.2—14,
Table 1.
2—6)
1975
Grand Ri
ver
Grand Ri
ver Mout
h
Splatt
Bay -
Adjace
nt to
Grand River
8 0.02
—0.18 7.7
-31
<l—1.5
1976 Lake
Erie
257
87+5o
28
(see F
igures
1.2—8,
l.2—9
and
'
Table 1.
2-3, 1.2
—4)
1976—
77 La
ke Er
ie Ha
rbors
—see
Table
1.2—8
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TABLE
 
1.2-2
MERCURY
LEVELS
(MEANS
f
SD)
IN
THE
SEDIMENTS
OF LAKE ERIE (RANGE IN PARENTHESES).
 
BASIN
MERCURY CONCENTRATION
(ppb)
Inshore Zone
287+323; N = 102
(whole lake) (8-1881)
Western Basin 1622t694; N = 34
(484—2929)
Western Basin 1217f792; N = 53
with its inshore zone (65-2929)
Sandusky Basin 710f464; N = 8
(271—1810)
Central Basin 544f191; N = 85
(56—1030)
Eastern Basin 483f272; N = 31
(45—977)
Total 582:555; N = 259
(8-2929)
TABLE 1.2—3
LEAD IN GREAT LAKES SEDIMENTS - LAKE ERIE AND LAKE ST. CLAIR
Y SD
LAKE ERIE N PPM PPM
All Samples
257
87
50
Non Depositional Zone 102 48 30
Total Basin 155 112 44
Western Basin 34 145 52
Sandusky Basin 8 92 20
Central Basin 83 111 34
Eastern Basin
30
81
35
Lake St. Clair
50
26
14
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FIGURE1.2—8 DISTRIBUTION OF PB IN LAKE SEDIMENTS: 0-3 CM SEDIMENT THICKNESS
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 TABLE 1.2—4
LEAD MASS BALANCE (METRIC TONS PER ANNUM) — LAKE ERIE
28)(Ref.
 
DEPOSITED AND
 
LAKE ERIE INPUTS OUTPUTS
Accumulating in sediment 3006
Detroit River suspended solids 171
All other rivers suspended solids 192
Solute all rivers 196
Shoreline erosion A37
Dredged spoil 99
Airborne inputs Model 650
Precip. Chem. 2200
Output suspended solids 319
Output solute 177
Total 3295 3502
PERCENTAGE INPUTS
Z of Loading Z of Accumulation & Output
Fluvial 17.0 16.0
Erosion 13.3 12.5
Dredging 3.0 2.8
Atmospheric 66.7 18.6—62.8
Unaccounted — 5.9-50.l
TABLE 1.2—5
SELENIUM
CONCENTRATIONS
IN
WESTERN
LAKE
ERIE
SEDIMENTS
(5)
Selenium (ppm dry wt.)i1 Std. Dev.
Station 06/73 08/74
1
0.52f0.10
0.10:0.02
2
0.35:0.12
0.17:0.05
3
O.A7f0.21
0.37f0.12
4
O.60f0.07
0.10f0.02
S
0.65t0.21
0.10t0.02
6 0.75f0.09 0.10t0.02
Mean
0.56t0.10
0.16:0.07
52
                    
Fig.
Fig.1.2-10 Porosity and heavy metal depth proﬁles for core 32-2 from Buffalo 1.2-11 Porosity and heavy metal depth profiles for core 20-1 from
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 HEAVY METAL
CONCENTRATION
IN LAKE
ERIE
SEDIMENT CORESa
TABLE
1.2-6
Interval
Fe
Cr
Co
Cd
Zn
Ni
Sb
As
Hg
Cu
cm
PPm
PPm
PPm
PPm
PPm
PPm
PPm
PPm
PPm
PPm
Core 34—2 (42 40.0‘N, 79 20.0'W)
0-2
11000
12
7.7
0.0
53
32
1.5
0.45
0.070
12
2-4
11000
9
7.1
0.0
21
31
1.0
0.28
0.025
9.7
6-8
9200
9
3.8
0.0
35
30
0.76
0.16
0.022
9.1
75 — 80
8900
10
6.3
0.2
25
56
0.41
0.17
0.022
7.1
254-260
14000
13
9.0
0.0
37
76
0.54
0.73
0.019
13
Core 16—1 (near Lorain, Ohio)
0-2
28000
60
12
3.8
26
56
1.2
1.6
0.33
40
6-8
31000
35
14
1.4
20
33
1.5
2.4
0.19
34
35.5-39.5
29000
30
13
1.4
17
28
0.69
0.79
0.058
21
47-50
17000
21
10
1.6
8
10
0 33
0.48
0.050
9.7
Core 13—2 (near Pelee Lorain sill)
0-2
23000
37
11
1.0
18
65
2.0
1.2
0.44
31
2-4
19000
23
9
2.2
12
49
0.69
1.1
0.13
23
4-6
19000
19
8
0.6
9
43
0.47
1.5
0.052
18
14—16
15000
14
7
0.3
5
31
0.22
0.77
0.054
8.4
a
Walters, 2; a1. Proc.
17th Conf. Great Lakes Res.
54
1974: 219—234.
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 TABLE 1.2—7
Concentration of heavy metals in outlet sediments of Lake Erie tributaries.
Concentration (ppm)
(ppb)
Site
Pb
Ag
Co
Cu
. Cr
Ni
Zn
Mn
Hg
'
0
U
Grand River
13.3
0.8*
Lynn River
28.7* 0.8*
Big Otter Creek
21.9
0.9*
Catfish Creek
11.2
1.2*
Kettle Creek
40.1*
1.3*
Muddy Creek
13.5
Raisin River
28.8*
Maumee River
54.2*
Portage River
14.3
Sandusky Bay Mouth
3.3
Huron
River
9.5
Vermillion
River
21.9
Black River
35.3*
Rocky River
33.0*
Cuyahoga
River
90 . 6*
Chagrin
River
20.5
Grand River
7.9
Ashtabula
River
26.6
Conneaut River
18.1
Silver
Creek
15.5
-
—
i
a
:
0
0
14.1 11.8 16.9 56.0 218 190*
7.3
5.8
8.2 34.5 170 110
16.3 12.9
14.7 55.5 306 350*
6.8
5.4
10.5 14.2 171 120
29.4*
22.7*
23.8
86.0
260 860**
7.5
7.5
15.2
24.3
187
60
69.8*
53.0*
33.7* 135.3*
189 450*
47.0*
113.2**
37.2*
146.3*
167
690**
12.0
12.1
17.9
38.5
150
140*
1.5
3.6
4.5
15.7
53
80
8.4
10.9
12.4
40.8
136 230*
24.4*
15.6
27.5
104.7
184
210*
27.7*
24.7*
26.6
133.7* 195 430*
19.7_
14.8
20.8
101.7
132 130*
55.7*
74.4*
35.5*
220.8* 163 470*
11.2
20.4
15.4
20.3
64.7
350 330*
5.3
6.5
15.7
9.8
42.5
117 100
11.5 22.3* 124.5** 26.3 134.3* 272 370*
10.7
24.7*
18.3*
27.5
80.5
238 270*
9.8
18.6
27.0*
22.3
61.4
203 70
c
-
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HARBOUR
HARBOUR
HARBOUR
TABLE 1.2-8
 
U.S. EPA REGION V ANALYSES OF SEDIMENTS IN
LAKE ERIE HARBOURS
HARBOUR/YEAR SAMPLED
Monroe, MI /1976
Fairport, OH /1977
Ashtabula, OH /1977
Conneaut, OH /1977
Sandusky, OH/1977
Cleveland, OH /1977
Cuyahoga River, OH/1977
Elk Creek, PN/1977
(Designated Heavily
Polluted re:Cd)
Conneaut, OH
Monroe, MI
Lorain, OH
Erie, PA
Elyria, Black River, 0H
(Designated Heavily
Polluted re: Pb)
Lorain OH
Erie, PA
Monroe,MI
Rocky River, OH
Toledo, OH
Sandusky, OH
Elyria, Black River, OH
(Designated Heavily
Polluted re: AS)
Erie, PA
Ashtabula, OH
Lorain, OH
Fairport, OH
Sandusky, OH
Huron, OH
Monroe, MI
Vermilion, 0H
Toledo, OH
Conneaut, 0H
Rocky River, 0H
Pt. Clinton, OH
Elyria, OH
<
TOTAL PCBS
(mg/kg dry weight)
LOW
1
.07
.1
.03
.17
.01
.29
.02
CADMIUM (mg/kg)
(1975—76)
6.1 — 7.4
7.0 - 7.4
7.7 — 29.0
11 — 33
9 — 990
LEAD (mg/kg)
(1975—76)
62 - 216
69 — 255
75 - 120
67 - 100
62 - 64
68 - 86
62 - 4600
ARSENIC (mg/kg)
(1975 - 76)
10 — 18
11 — 16
11 — 19
10 - 17
10 - 19
9 — 22
9 — 12
11 - l9
9 - 14
9 - 15
ll — 15
11 — 12
9 — 16
56
HIGH
1.10
7.68
.17
.64
2.30
2.20
.08
# VALUES
>6 mg/kg
\
O
C
D
O
‘
N
U
'
I
# VALUES
>60 mg/kg
O
N
U
J
U
J
O
‘
O
N
W
1
# VALUES
>8 mg/kg
12
11
10
L
ﬂ
N
b
U
I
O
‘
m
N
O
O
O
TABLE
1.2-9
(Ref. 11)
Concentrations of heavy metals in Maumee River Basin soils, bottom sediments
and limestone bedrock.
 
C
d
C
o
C
r
C
u
P
b
Z
n
Sr
Range
Soils
Mean
S.D.
Range
Sediment
Mean
Bedrock
Mean
0.10—0.70
1.80-2.30
12.00-13.80
9.60—27.80
25.80—42.00
21.60—29.40
41.30-69.60
0.35
1.98
15.30
20.20
33.75
25.20
49.15
0.26
0.22
4.17
8.62
6.63
3.23
13.65
v
u
g
/
0.04—
0.39
4.25-14.31
0.72—
2.54
4.38-10.ll
6.42—16.89
3.84-10.70
6.95—24.68
50.10—93.60
5
0.15
9.11
1.55
6.49
11.21
7.33
15.77
71.77
0.09
2.26
0.46
1.27
2
.
3
9
1
.
5
5
3.32
7
.
8
9
1.94
1.27
2.63
8.52
34.12
33.50
250.50
57.80
 
 TABLE
1.2—10(1)
LAKE
ERIE
SEDIMENTS
—
ORGANIC
CONTAMINANT
ANALYSES
Mean
levels
of
PCB's,
DDE,
TDE
and
Dieldrin
in
Lake
Erie
surface
sediments,
1971
All values
in parts
per
billion.
W
Lake
Sector
PCB'S
DDE
TDE
DIELDRIN
 
H
 
No.
of
Samples
Mean
SD
Min
Max
Mean
SD
Min
Max
Mean
SD
Min
Max
Mean
SD
Min
Max
Total Lake
95
114
4
800
8.2
11.4 0.2
136.0
18.4 21.9 0.3
186.0
1.6
0.9
0.5
5.0
(255)
Non Depositional
64
105
8
800
4.5
4.0 0.2
22.7
10.5 16.1 0.3
146.0
1.4
0.8
0.5
3.5
Zone
(103)
Total Basin
115
114
4
660
10.7
13.9 0.5
136.0
23.7 23.7 0.4
186.0
1.7
1.0
0.5
5.0
(152)
Western
252
156
4
660
22.1
26.2 1.7
136.0
46.5 38.8 2.8
186.0
1.4
0.8
0.6
3.3
Basin
(32)
Central
74
56
12
330
7.4
3.2 0.5
18.7
18.3
9.5 0.4
55.0
1.7
1.0
0.5
5.0
Basin
(84)
Eastern
86
85
12
320
8.9
7.4 0.6
30.0
17.9 17.6 0.5
61.0
2.3
1.1
0.6
3.8
Basin
(29)
Sandusky
107
46
50
170
5.8
1.6 3.6
8.2
9.3
3.9 3.1
15.3
1.0
0.5
0.6
2.0
Basin
(7)
    
(1)
Ref.
42
and
43
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 TABLE 1.2—11
(43)
RESIDUE IN A CORE TAKEN FROM STATION U-42 1N WESTERN BASIN OF LAKE ERIE
  
Years Depth Conteut in freeze-dried sediment (ppb)
(cm) p,p'-DDE p, p'-TDE HEOD PCB
1969—1971 0— 2 19.0 53.0 ND 340.0
1966—1968 2— 4 9.0 20.0 ND 10.0
1963—1965 4— 6 1.5 2.0 ND 6.0
1961—1963 6— 8 2.5 1.0 ND 10.0
1958—1960 8— 10 2.0 ND ND ND
1956—1958 10— 12 ND ND ND 1.0
1953—1955 12— 14 ND ND <0.1 ND
1827-1952 14—112 ND ND ND ND
TABLE 1.2—12
(43)
RESIDUES IN 5 SUSPENDED SOLIDS TAKEN FROM THE DETROIT RIVER [N 1974
Contaminant Constant ppb dry weight basis
Mean Range Std. Dev.
o,p’-DDE <0.1b <0.1— 0.2 —
p,p’-DDE 5.4 2.0—12.0 3.9
p,p'-TDE 5.2 3.1—10.0 3.2
o,p’-DDT 3.2 0.9— 6.1 1.8
p,p’-DDT 4.6 2.1— 7.1 2.3
ZDDT 18.5 10.0—27.0 7.6
HEOD 3.6 1.9— 5.1 1.1
Hept. epoxide 0.6 ND— 2.0 —
Organophosphorus ND‘ ND —
PCB 72 30 —100 28
a- and y-chlordane <0.2b <0.2 —
'* ND = not detected
b Mean of parameter at detection limit; no SD given.
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 TABLE 1.2-13
SURVEY ORGANIC CONTAMINANTS IN SEDIMENT
SAMPLES FROM NEARSHORE WATERS OF
LAKE ERIE - 1973(a)
ORGANIC CONTAMINANTS SOUGHT AND DETECTION LIMITS(mg/kg)
 
DDE - .001 - .002 Chlordane — .005
TDE — .001 - .002 Lindane — .001
o,p DDT — .001 ~ .002 Aldrin — .001
p,p DDT - .001 - .002 Endrin — .001
Dieldrin - .001 Heptachlor— .001
DEHP — 1.0 PCB — .03—.05
DBP — 1.0
ORGANIC CONTAMINANTS FOUND IN EXCESS OF
DETECTION LIMITS AND CONCENTRATIONS(mg/kg)
LOCATION AT STATIONS DETECTED
 
Plume of Detroit River
18 stations
DDE - .006, .004, .003, .002, .006, .018
(Detroit River mouth to TDE - .012, .011, .008, .002, .012, .030
Stoney Point) o,p DDT — .002, .003
p,p DDT -.OO6, .013, .006, .009, .007, .015
PCB — Aroclor 1260 - .38, .15, .20, .10, .08,
.16
DEHP — 5.0, 3.0, 1.0, 2.0
DBP - 3.0, 6.0
Stoney Point to Woodtick
Peninsula - 17 stations DEHP — 1.0, 1.0
(a) Michigan Department of Natural Resources
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Table 1
.2-14
Residues
of Pestic
ides and
Pollutant
s found i
n stream
bed
sedi
ment
coll
ecte
d Ma
y 19
76 -
Apri
l 19
77
 
Comp
onen
t
Cont
ent
in D
ried
Sedi
ment
(ng/
g)
AG—
l
AG-
2
AG-
3
AG-
H
AG-
S
AG—
B
AG-
7
AG—
lO
AG—
ll
AG—
13
AG—
lu
DDE
3.0
Lh0
1.0
0.8
0.5
0.9
0.5
0.9
0.5
5.0
0.3
TDE
I
0.3
2.0
0.3
40.2
(0.2
<0.2
<0.2
<0.2
<0.2
9.0
0.2
DDT
0.3
7.0
0.4
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
9.0
0.2
SIDDT
3.6
13.0
1.7
1.0
0.7
1.1
0.7
1.1
0.7
23.0
0.5
(
\
1
<0.2
V
N
s
é
é
é
m
N
e
i
s
.
Die
ldr
in
<0.
2
<0.
2
<0.
2
<0.
2
<0.
2
<0.
2
«3.
2
<
Endo
sulf
an
16.0
3
ND
ND
ND
ND
ND
Chl
ord
ane
0.3
ND
ND
ND
ND
Hep
t.
Epo
x.
ND
ND
ND
ND
ND
PCB
8
6
u
6
<2
Co
nt
en
t
in
Dr
ie
d
Se
di
me
nt
(u
g/
g)
6
3
.
u
s
é
é
é
m
9
2
3
%
.
ND
ND
0
8
L
0
4
%
:
:
1
’
H
:
r
2 , u
, 5-T
Atr
azi
ne—
Apr
il
May—Oct
Si
ma
zi
ne
2 , u—D
1
ND
ND
15.81
202
ND
ND
(
1
.
0
Q
E
Q
E
Q
%
Q
Q
Q
E
E
E
g
g
.
.
.
m
g
g
g
m
Q
Q
E
E
E
E
Q
Q
E
Q
%
%
%
%
§
2
15.8
- 7.6
ug/g
atraz
ine a
nd 8
.2 ug
/g de
sethy
latra
zine
(Apri
l, 1
977)
2
3
Endosulfan 16.0 ng/g (a-enddsulfan l3 ng/g, B—endosulfan 2.2 ng/g,
and
endosulfan
sulfate
0.8
ng/g)
Present as atrazine only (October)
 
Table 1.2-15
ORG
ANO
CHL
ORI
NE
RES
IDU
ES
ASS
OCI
ATE
D W
ITH
SUS
PEN
DED
SOL
IDS
IN
OAK
VIL
LE
* .—
CRE
EK
AND
GRA
ND
RIV
ER
WAT
ERS
(DR
Y W
EIG
HT
119/
9)
(X
and
95%
CON
FID
ENC
E
 
LIMITS) .
Jul
y
Sep
tem
ber
Jul
y
>
Oak
vil
le
Gra
nd
Sep
tem
ber
Oak
vil
le
Gra
nd
Cre
ek
Riv
er
Cre
ek
Riv
er
# o
f A
nal
yse
s
5
4
5
4
PCB
76
t 6
0
55
t 4
3
384
i
377
49
i 4
1
HCB
ND
ND
ND
ND
x
- B
HC
TR
1.6
t 2
9
i 1
1
ND
LIN
DAN
E
TR
0 . 4
i O
. 5
7 i
10
TR
8 -
BHC
ND
ND
ND
ND
HEP
TAC
HLO
R
ND
'
ND
ND
ND
ALD
RIN
ND
ND
ND
ND
HEP
TAC
HLO
R E
POX
I DE
ND
ND
ND
ND
THI
ODA
N I
ND
ND
ND
ND
THI
ODA
N I
I
ND
ND
ND
ND
DIEL
DRIN
ND
0 . 4
i 0 .
9O
1 i
1
TR
ENDR
IN
ND
ND
r
ND
ND
X -
DDT
16.4
i 8
3.4
i 4.
2
15 1
21
TR
X -
CHLO
RDAN
E
3.0
i’ l
3.4
1' 2.
3
9 i
5
2 i
2
Y -
CHLO
RDAN
E
3.2
i 2
2.2
i 1.
8
8 i
9
2 i
2
MIRE
X
Not
Anal
yzed
ND
ND
*Lake Ontario Basin
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 1.3 DATA ON AIR QUALITY AND PRECIPITATION IN THE LAKE ERIE BASIN
Stanley_gt_al. (44) in 1971, detected p,p' — DDT and o,p' DDT at
levels of 11.0 and 2.9 ng/m3 respectively, in air samples at Lake Erie
near Buffalo, New York.
Various studies have recently been completed to determine contaminant
levels in precipitation. Analyses bv the Ontario Ministry of the
Environment, showed PCBlevels between 0.03 — 0.07 ppb in rainfall
samples from Big Creek and Hillman Creek in Essex County, Ontario
(45). Table 1.3—1 illustrates the results of analyses by CCIW of
rainfall over Lake Erie (46).
Under sponsorship of the PLUARG studies, Acres Consulting Services
Ltd. was authorized to carry out scientific investigations of deposi—
tion of airborne material in the lower Great Lakes and the Great Lakes
drainage basin (47). Figures 1.3—1 to 1.3—4 show the loading contours
in ng/cmZ/day for Pb, Ni, Cu and Cd in Lake Erie. Two sets of loading
estimates for various parameters are given in Table 1.3-2, one set
based on a mathematical model and the other set, from existing precipi-
tation chemistry data.
Two other PLUARG sponsored studies also evaluated the levels of various
contaminants in rainwater from the Lake Erie Basin (170,172). The
results are shown in Tables 1.3-3 to 1.3—5, with AG—4 and AG-l3
implying the counties of Wellington and Essex.
In the U.S., each state bordering Lake Erie monitors air quality to
evaluate compliance with national primary ambient air quality standards
for suspended particulates, sulfur dioxide, nitrogen dioxide and
carbon monoxide. Annual reports are published by the Michigan Depart—
ment of Natural Resources Air Quality Division and the Ohio EPA Office
of Air Pollution Control. New York maintains an air emission inventory
for industrial process emissions, such as for example, aliphatic
halogen compounds. The New York program is described the 1977 Appendix
E entitled "Status Report on the Persistent Toxic Pollutants in the
Lake Ontario Basin" (73) and in the Annual Reports of the New York
State Department oF Environmental Conservation's Division of Air
Resources.
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TABLE 1.3-1
ANALYSES OF RAINWATER — LAKE ERIE
(Seven Samples)
1976—77
(Ref. 46)
Parameter Concentration
(ng/ 2)
Total PCB 9
Lindane 6.1
°=BHC 10.3
ZDDT—Residues 3.8
«Endosulfan 1.6
BEndosulfan 2.0
Dieldrin 2.6
Methoxychlor 13.1
HCB 0.0
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TABLE 1.3-2
PARAMETERS LAKEMICHIGAN LAKE ERIE LAKEONTARIO
LAKEAREAIO‘ka 58.2 25.8 19.5
loskg/YEAR
so MM 330 270 /20
‘
90
NA
/20
88
N MM 42- 29 /4
PC NA /.9 2/
MM 56 4/ 2/
PART PC NA NA NA
IO3kg/YEAR
TP MM 350 190 110
PC 1000* 800 480
Co
MM
I800
1200
620
PC NA 23000 32000
M MM SIG 550 290
9
PC
NA
6600
4100
NO
MM
500
370
190
pc
NA
13000
19000
K
MM
1500
1100
550
PC NA 22000 3300
Cd MM 40 25 /8
PC NA 150 45
Pb MM //00 650 440
PC NA 2200 280
'N. MM 71 so 51
' PC NA 140 /9
C
MM
55
32
21
” PC NA 330 72
Fe MM 5500 4300 2/00
PC NA 5900 530
  
  
 
NOTE
MM - MATHEMATICAL MODEL
RC - PRECIPITATION CHEMISTRY
NA - NOT AVAILABLE
PREFERRED VALUE - eg 226‘
WHEN BOTH VALUES OF A PAIR ARE
MARKED PREFERRED. USE THE LARGER
ONE TO BE CONSERVATIVE
* US EPA I975
LOADING ESTIMATES
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Table
1.3-3
Contamina
nts found
in rainwa
ter colle
cted betw
een May
to December 1975
in six agricultur
al watersheds (17
0)
 
Component
Content in Rainwater
(mg/L)
 
AG-l
AG—3
A
G
—
u
AG-S AG—
lO AG—l3
Mean
p ap-DDT
Hept.Epox.
PC
B
Leptophos
May-June
June—July
Aug—Sept
De
c.
Dec.
May—June
June-July
Aug—Sept
Dec.
May—June
:
m
m
%
60
50
5
0
2
0
1100
ND
2
8
13
ND
MO
50
100
10
ND
11
10
5
0
7
0
3
0
5
0
100
2
0
80
50
8
0
3
0
6
0
7
O
90
35
H
8
7
3
H
6
1
NA — not
analysed
 
Tab1e 1.3-4
He
av
x
Me
ta
1s
fm
g/
1)
(1
72
)
C011ection Period AG 1 AG 3 AG 4 AG 5 AG 10 AG 13 AG 1* AG 13*
Nicke1
 
4/76—5/76
.003 <.002
.007 <.002
<.002
.002
7/76-8/76
.300
<.002
<.002
<.002
<.002
.003
Zinc
4/76-5/76 .096 .076 .760 .041 .160 .057
5/76-6/76 .063 .044 .340 .130 .072 .045
7/76-8/76
.030
.025
.110
.160
.092
.062
4/77—5/77
.096
.068
-
.040
.072
.032
.190
.071
Lead
4/76-5/76 .027 .016 .009 .008 <.002 .018
5/76-6/76 .036 .025 .002 .010 .016 .032
7/76-8/76
<.002
.004
.004 .007
.014
.010
4/77—5/77
<.002
.004
- <.002
<.002 <.002
.025
.008
7
1
Cad
miu
m
4/76—5/76 <.001 <.001 .007 <.001 <.001 <.001
5/76-6/76 <.001 <.001 .002 .001 .001 .002
7/76—8/76 <.01 <.001 .001 .001 <.001 <.001
4/77-5/77 .002 .003 - .002 .007 .001 .031 .060
Cogger
4/76—5/76
.016
.008
.017
.002
.002
.011
5/76-6/76 .007 .009 .003 .004 .005 .007
7/76-8/76 .030 .009 .012 .014 .006 .028
4/77—5/77
<.001 <.001
—
<.001
<.001 <.001
.024 ‘ <.001
Chromium
4/76—5/76
.003 <.002
.002 <.002
<.002 <.002
7/76—8/76
.06
<.002
<.002
<.002
<.002
<.002
Arsenic
4/76-5/76 .002 .001 .003 <.001 <.001 .007
Precipitation-on1y samp1e
- No samplg
 
 Tab1e
1.3-5
(172)
P.C.B.s
b
Colle
ction
Perio
AG 1
AG 3
AG 4
AG 5
5/75—6
/75
0.06
0.04
0.05
0.01
7/75-9/75 0.05 0.10 0.10 0.07
11/75-12/75
0.02
0.10
0.03
-
2/76-3/76
ND
-
0.01
ND
7/76-8/76
0.27
8/76-9/76
0.13
7
2
10/76-11/76
0.09
* Pre
cipita
tion-o
n1y sa
mp1e
-
No
sam
p1e
AG
10
0.
02
0.05
0.
08
AG 13
0.03
0.
07
0.
09
N
D
0.11
0.32
0.
15
AG 1*
0.15
0.10
AG 13*
0.
12
0.
11
0
.
0
7
 
 1.4 DATA ON MUNICIPAL AND INDUSTRIAL DISCHARGES AND SLUDGES
In 1973, extensive analyses were made for organic contaminants in
influents, effluents and sludges at wastewater treatment plants in
Monroe and Trenton (48).
The results of the analyses are shown in
Table 1.4-1 and 1.4-2.
One objective of the study was to determine
the efficiency of removal of organic contaminants during the waste—
water treatment process.
Phthalate esters were observed in high
concentrations
in
influents,
effluents
and
sludges.
Analyses
for heavy metals in municipal and industrial discharges to
Lake
Erie are
shown
in Tables 1.4—3
and
1.4—4
(49,
50).
The
results
of analyses for heavy metals in 3 sewage
sludges are shown in Table
1.4—5 (51).
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 TABLE 1.4-1
MUN
ICI
PAL
EFF
LUE
NT
ANA
LYS
ES
- L
AKE
ERI
E
BAS
IN
ORGANIC ANALYSES
MONROE WASTEWATER TREATMENT PLANT
SAMPLING LOCATIONS
  
DAT
E
RAW
WAS
TE
#1
RAW
WAS
TE
#2
EFF
LUE
NT
SLU
DGE
PAR
AME
TER
(19
73)
(ug
/L)
(lb
s/d
ay)
(Hg
/L)
(le
/da
Y)
(Hg
/L)
(lb
s/d
ay)
(mg
/kg
)
DRY
Lin
dan
e
10/
23
0.0
07
.00
03
0.0
03
.00
03
0.0
09
.00
1
0.0
01
10/
24
0.0
06
0.002
Hep
tac
hlo
r
10/
23
0.0
08
.00
04
< 0
01
<.0
000
9
0.0
11
.00
2
< 0
01
0.003
<.001
Ald
rin
10/
23
0.0
90
.00
4
0.0
06
.00
06
0.0
30
.00
4
0.0
10
~ 1
0/2
4
0.0
08
10/
25
0.0
14
Hep
tac
hlo
r E
pox
ide
10/
23
<.0
01
<.0
000
4
<.0
01
< 0
000
9
0.0
04
.000
6
0.0
04
10/
24
0.0
10
10/
25
< 0
01
Die
ldr
in
10/
23
0 0
01
.00
004
0.0
40
.004
0.0
42
.006
0.0
49
10/
24
0.0
03
10/
25
0 0
09
End
rin
10/
23
0.0
02
.00
009
0.0
20
.00
2
0.0
16
.00
2
<.0
01
10/
24
<.0
01
10/
25
<.0
01
O,P
-DD
T
10/
23
<.0
01
<.0
000
4
< 0
01
<.0
000
9
<.0
01
<.0
001
0.0
10
10/
24
0.0
14
10/
25
0.0
20
P,P
-DD
T
10/
23
<.0
01
<.0
000
4
<.0
01
<.0
000
9
<.0
01
<.0
001
< 0
01
10/
24
< 0
01
10/
25
< 0
01
0,P
-DD
D
10/
23
<.0
01
<.0
000
4
<.0
01
<.0
000
9
0.0
14
.00
2
0.0
04
‘
10/
24
0.0
04
10/
25
0.0
08
P,P-
DDD
10/2
3
<.00
1 <
0000
4
<.00
1 <
.000
09
0.01
2
.002
0.01
6
10/
24
0.0
21
10/
25
0.0
24
0,P-
DDE
10/2
3
<.00
1 <
.000
04
0.01
0
.000
9
0.00
3
.000
4
< 00
1
10/24 0.019
10/25 :.001
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TABLE 1.4-1 CONT'D
 
S A M P L I N G
L 0 C A T I O N S
  
DATE RAW WASTE #1 RAW WASTE #2 EFFLUENT SLUDGE
PARAMETER (1973) (Hg/L)(1bs/day) (ug/L)(1bs/day) (pg/L)(1bs/day) (mg/kg)
DRY
P,P—DDE 10/23 0.130 .006 0.070 .007 0.045 .006 0.004
10/24 - <.001
10/25 0.011
Methoxychlor 10/23 <.001 <.00004 <.001 <.00009 <.001 <.0001 <.001
10/24 <.001
10/25 <.001
Di—n—Butyl 10/23 80 3.6 170 16.0 65 9.0 13.0
Phthalate 10/24 ' 11.0
10/25 56.0
Di-2—ethyl 10/23 31 1.4 190 17.9 150 20.9 19.0
Phthalate 10/24 17.0
10/25 19.0
Chlordane 10/23 <.001 <.00004 0.480 .045 0.240 .033 0.110
10/24 0.230
10/25 0.280
Aroclor 1221, 1232, 10/23 <.001 <.00004 <.001 <.00009 <.001 <.0001 <.001
1248, 1260, 1262, 10/24 <.001
1268 (analyses 10/25 <.001
for each indivi-
dual component)
Aroclor 1242 10/23 <.001 <.00004 <.001 <.00009 <.001 <.0001 2.1
1.6
1.2
Aroclor 1254 10/23 1.3 .058 0.8 .08 0.8 .11 2.5
10/24 1.2
10/25 2.1
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TABLE 1.4-2
   
MU
NI
CI
PA
L
EF
FL
UE
NT
AN
AL
YS
ES
—
LA
KE
ER
IE
BA
SI
N
ORGANIC ANALYSES
TR
EN
TO
N
WA
ST
EW
AT
ER
TR
EA
TM
EN
T
PL
AN
T
S
A
M
P
L
I
N
G
L
O
C
A
T
I
O
N
S
DA
TE
RA
W
WA
ST
E
EF
FL
UE
NT
SL
UD
GE
PA
RA
ME
TE
R
(19
73)
(p
g/
L)
(l
bs
/d
ay
)
(p
g/
L)
(1
bs
/d
ay
)
(mg
/kg
)
DRY
Lin
dan
e
10/
23
.00
7
.00
03
<.0
01
<.0
000
4
.00
2
10/
24
<.0
01
10/
25
.01
4
Hep
tac
hlo
r
10/
23
.01
1
.00
05
.03
5
.00
14
<.0
01
10/
24
.00
4
10/
25
<.0
01
Ald
rin
10/
23
.06
6
.00
3
.04
0
.00
2
.00
2
10/
24
.01
2
‘
10/
25
.01
4
j
Hep
tac
hlo
r e
pox
ide
10/
23
<.0
01
<.0
000
4
<.0
01
<.0
000
4
<.0
01
é
-
10
/2
4
.00
1
;
10
/2
5
.02
0
5
.
;
Die
ldr
in
10/
23
.00
1
.00
004
.00
4
.00
02
.02
6
.
10/2
4
-014
10/
25
.01
8
End
rin
10/
23
.00
1
.00
004
.00
6
.00
02
.02
0
10/
24
.00
8
10/
25
.01
1
O,P
-DD
T
10/
23
<.0
01
<.0
000
4
<.0
01
<.0
000
4
.01
6
10/
24
.00
8
10/
25
.06
4
P,P
—DD
T
10/
23
<.0
01
<.0
000
4
<.0
01
<.0
000
4
<.0
01
10/
24
.00
4
10
/2
5
.02
9
O,P
-DD
D
10/
23
.02
8
.00
11
.00
5
.00
02
.05
0
10/
24
.01
1
10/
25
<.0
01
P,P
-DD
D
10/
23
.010
.000
4
.016
.000
7
.089
10/
24
.01
3
10/
25
.08
4
O,P
-DD
E
10/
23
<.0
01
<.0
000
4
.02
2
<.0
009
<.0
01
10/
24
<.0
01
10/
25
.03
5
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TABLE 1.4—2 CONT’D
 
 
  
S A M P L I N G L O C A T I 0 N 5
DATE RAW WASTE EFFLUENT SLUDGE
PARAMETER (1973) (pg/L)(lbs/day) (pg/L)(lbs/day) (mg/kg)
DRY
P,P-DDE 10/23 .069 .003 .103 .004 <.001
10/24 .010
10/25 .027
Methoxychlor 10/23 .025 .001 .165 .007 <.001
10/24 <.001
10/25 <.001
Di-N—Butyl phthalate 10/23 12 .49 34 1.4 45
10/24 13
10/25 18
Di-2-ethy1 phthalate 10/23 200 8 17 .70 <50
10/24 <50
10/25 3
Chlordane 10/23 1.500 .062 1.100 .045 .920
10/24 .110
10/25 .095
Aroclor 1221, 1232, 10/23 <.001 <.00004 <.001 <.00004 <.001
1260, 1262, 1268 10/24 <.001
(Analyses for each 10/25 <.001
different component)
Aroclor 1242 10/23 <.001 <.00004 <.001 <.00004 2.2
10/24 3.8
10/25 3.4
Aroclor 1254 10/23 9 .04 .01 4.8
10/24 13.5
10/25 2.6
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TA
BL
E
1.
4—
3
MUN
ICI
PAL
EFF
LUE
NT
ANA
LYS
ES
- L
AKE
ERI
E B
ASI
N
HEAV
Y ME
TAL
CONC
ENTR
ATIO
N (
uG/L
)
LOCA
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COPP
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LEAD
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NICK
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ZINC
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SOUR
CE
Ohio
Jan.
1975
Ment
or
4.6
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<10
15
<50
<2
<30
39
49
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1975
Sand
usky
15.8
<10
<10
<10
<50
<30
40
<0.2
Jan.
1975
Avon
Lake
3.99
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30
30
<50
<2
80
73
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.l97
5
Tole
do
93.9
<10
<20
10
<40
<5
<5
77
Sept
.197
5
Defi
ance
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1976
Bowl
ing
Gree
n
5.46
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<75
43
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0
1—13
9
1—22
2
I—28
9
I—47
7
E- 1
8
E— 6
8
E— 2
5
E— 3
7
E—18
2
5—19
3
Jun
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TABLE 1.4—4
EPA REGION V — ANALYSES OF WASTEWATER
DISCHARGES TO LAKE ERIE
Point Source Discharges
Harshaw Chem. Co., Black River
Elyria, Ohio
Harshaw Chem. Co., overflow
Harshaw Chem. Co., Black River
Elyria, Ohio
Harshaw Chem. Co., Black River
Elyria, Ohio
Ft. Wayne WWTP Outfall, Maumee River, IN
Avon Lake STP, Ohio
79
1975—76
Parameter
 
Mercury Levels > .5 ug/L
11.0 ug/L
0.8 ug/L
Cadmium Levels > 150 ug/L
480—840 ug/L
Lead Levels > 100 ug/L
180—2,200 Ug/L
190 ug/L
llO ug/L
 
TABLE 1.4—5
 
SEWAGE S
LUDGE A
NALYSES
— LAKE
ERIE BAS
IN
 
CONCENTRATION mg
/kg dry weight
1 INFORMATION
SAMPLING DATE
LOCATION
ECADMIUM 1 CHROM
IUM 1 COPPER
LEAD T NICKEL
ZINC SOURC
E
1
 
January 1976
Bowling Green, Oh
io 16
83 256
345
June 1976
Lakewood, Ohio
28 287
516 474
June 1976
Rocky River, Ohio
0.01 614
391 218
l
7
I
i
0.0
75
|
677
51
i
l
39 ‘
      
8
0
  
 l.
5
 
DATA ON BENTHOS AND PLANKTON
There does not appear to be much data on contaminant levels
in Lake Erie plankton and benthos. Table 1.5—1 briefly
summarizes some of the available data (references 5, 52—55).
A PLUARG study (171) evaluated contaminant levels in net
plankton and amphipods from the Grand River, which is a
major tributary to Lake Erie. The results are shown in
Tables 1.5—2 and 1.5-3.
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 Location and
Western Lake
Sandusky Bay
Western Lake
1973—74
Presque Isle
Erie County,
1973
Presque Isle
Erie County,
1974
TABLE 1.5-1
PLANKTON AND BENTHIC ANALYSES — LAKE ERIE
Date
Erie 1971
1972
Erie
Bay
PA
Bay
PA
Sample, Contaminant
and Concentration SOurce
Benthos (chironomids) — mercury
(See Figure 1.5—1) 52
Chironomid larvae — mercury, 0.48 ppm 53
(range .22—.80) in presence of sediment
containing average of 0.6 ppm Hg
Zooplankton — Selenium, 2.54t0.14 ppm 5
dry weight
Ben
tho
s
— t
rac
e
of
uni
den
tif
ied
Aro
clo
r
54
detected in one of 7 samples. DDT,
lindane, dieldrin and heptaclor were
not detected.
Benthos — DDT, lindane, dieldrin and 55
heptachlor all below detection limits.
(DDT—.05, 1indane-.003, aldrin~(095,
dieldrin—.007, heptachlor—.005) a
(a) no units were given in submitted material — assumed to be ppm.
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Figure l.5—1.D4ercury ooncentraﬁon in surface sedhnents
of western Lake Erie.
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Table 1.5-2
ORGANOCHLORINE CONTAMINANT RESIDUES IN NET PLANKTON FROM OAKVILLE
CREEK AND THE GRAND RIVER, 1976 (WET WEIGHT ng/g) (i and 96%
CONF I DENCE LIMITS) .
  
’ Chemical # of Analyses Oakville Creek Grand River
? PCB 5 21 i 6 2 i 4
f
I HCB 5 TR ND
i
.
X '
BBC
5
ND
—
%
‘ LINDANE 5 ND -
B — BBC 5 ND ND
HEPTACHLOR 5 ' ND ND
ALDRIN 5 ND ND
HEPTACHLOR EPOXIDE 5 TR TR
THIODAN I 5 ND ND
THIODAN II 5 ND ND
I DIELDRIN 5 l i l 2 i l
r ENDRIN 5 2 i 2 -
}
pp
'D
DE
'5
3:
1
_
op' DDT 5 TR ND
pp'DDD 5 2:2 1:2
pp
'
DD
T
5
_
_
x — CHLORDANE 5 — 2 i 2
Y - CHLORDANE 5 3 i 5 3 i 3
MIREX 5 ND ND
ND — non detectable
TR - trace
— - less than 1 83
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ORGANOCHLORINE CONTAMINANT RESIDUES IN AMPHIPODS FROM OAKVILLE CREEK
Table l . 5-3
AND THE GRAND RIVER, 1976 (WET WEIGHT 119/9),
95% CONFIDENCE LIMITS)
  
D? and
Chemical # Of Analyses Oakville Creek Grand River
PCB 4 40 i 8 5 i 6
HCB 4 5 i 4 ND
X — BBC 4 7 i l 6 i 3
LINDANE 4 2 It 1 l
B — BHC 4 2 i 0 ND
HEPTACHLOR 4 ND ND '
ALDRIN 4 ND ND
HEPTACHLOR EPOXIDE 4 ND ND
THIODAN I 4 ND ND
THIODAN II 4 ND ND
DIELDRIN 4 6 i l 3 i l
ENDRIN 4 ND ND
pp' DDE 4 25 i 4 9 i 2
op' DDT 4 l i l —
pp' DDD 4 2 i 1 —
pp' DDT 4 2 i 1 ND
X - CHLORDANE 4 2 i l -
Y — CHLORDANE 4 2 i 1 l i l
MIREX 4 16 i 5 14 i 5
ND — non detectable
— - less than 1
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1.6 DATA ON FISH CONTAMINANTS
Currently there are several fish contaminant monitoring programs
conducted in the nearshore areas of Lake Erie. New York
state has a "Statewide Toxic Substance Monitoring Program,”
within which fish from the vicinity of Lackawanna and Dunkirk
are analyzed on an annual basis. The Ont. Min. Env. and Min.
0f Nat- Res- analyze severalspecies of fish from the Eastern,
Western and Central Basins, and from Wheatley and Long Point.
Most of the analyses evaluate mercury and PCB concentrations.
Within the activities of the Ohio EPA Pesticide Surveillance
Program, fish from the Huron and Chagrin Rivers are analyzed for
a number of pesticides and other chlorinated compounds. Within
the state of Michigan, there is a joint effort between the
Michigan Department of Natural Resources, Michigan Department
of Agriculture, Michigan Department of Public Health, U.S. Food
and Drug Administration (Detroit Office) and the U.S. Fish and
Wildlife Service (Ann Arbor Laboratory)to evaluate whether the
contaminant levels in fish that are being utilized by the
public are in excess of recommended maximum U.S. FDA levels.
This program is called the GLECS (Great Lakes Environmental
Contaminant Survey) Program. Within the jurisdictions of
Michigan, Ohio and Pennsylvania, the U.S. Fish and Wildlife Service
has a National Pesticide Monitoring Program underway. The results
of many of the above programs are summarized in this chapter.
Heavy Metals
Table 1.6-1 summarizes the mercury concentrations found in Lake
Erie fish tissue, particularly from 1969 to 1977 (Ref. 9,15,24,56,57,
58). In 1970 (59) it was found that mercury concentrations were
generally higher in western basin fish than in fish from the
eastern basin (Table 1.6-2). Studies by the Ontario Ministry of
the Environment show that mercury levels are declining in Lake
Erie fish tissue (24). Table 1.6-3 and Figures 1.6—1 and 1.6—2
illustrate the observed declines in mercury concentrations in
tissue of walleye and white bass.
Concentrations of other heavy metals in Lake Erie fish tissue are
shown in Table 1.6—4 (references 9,27,60,61) and Table 1.6—5(5)
and Table 1.6—11 (171).
Organic Compounds
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 increasing trends were noted. Herdendorf et al noted that
"differences in species and size sampled, tissues analyzed and
collection data make any comparison between data difficult and
unreliable.”
Differences in sample preparation do exist among agencies,
and trend analysis will be meaningful only if standardized
procedures are adopted. For example, a filet may imply: tissue
with skin removed; tissue with skin attached; or tissue from a
specific portion of the fish. Whole fish analyses may imply:
the whole fish; or the whole fish minus the head, tail and
gutted.
More detailed analyses of fish from Ashtabula River were made
by the Environmental Research Laboratory in Duluth (70). At
least 19 compounds and isomers were identified and these are
listed in Table 1.6—10.
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Lake Erie tributaries (171).
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TABLE 1.6—1
MERCURY CONCENTRATIONS IN LAKE ERIE FISH TISSUE
  
Ye_ar_ Location SJLies
1967-68 Lake Erie Brown Bullhead
Carp
Drum
Gizzard Shad
Gold fish
Walleye
White Bass
Yellow Perch
Dec '69 Wheatley Yellow Perch
Nov '69 Erie Coho Salmon
1970 Western, Central
and Eastern Basins
(see Table 1.6-2)
Mar '70 Bono Carp
Mar '70 Bono White Bass
Mar '70 Bono Yellow Perch
Mar '70 Sandusky Carp
Mar '70 Sandusky Yellow Perch
Mar '70 Sandusky Coho Salmon
Mar '70 Sandusky white Bass
Mar '70 Sandusky Channel Catfish
Mar ' 70 Sandusky Sheepshead
Mar '70 Sandusky Gizzard Shad
Apr. '70 Monroe Yellow Perch
Mar. '70 Bono Coho Salmon
Apr. '70 Monroe Coho Salmon
Apr. '70 Bono Channel Catfish
Apr. '70 Monroe Channel Catfish
Apr. ' 70 Monroe Walleye
Apr. ' 70 Monroe Steelhead
Apr. ' 70 Sandusky Walleye
Apr. '70 Raisin Pt. y , Walleye
Apr. '70 Raisin Pt. White Bass
1971—1977 Lake Erie Walleye and
White Bass (see
Table 1.6—3 and
Figures 1.6-1
and 1.6-2)
1972 Presque Isle White Bass
1972 Presque Isle Perch
1972 Presque Isle Walleye Pike
    
No. Mean Mean Z Portion(a) Mean Hg Source
Samgles Length (mm) Weight (gm) LiEid Analyzed Cone. SEEm) —
F 0191.03 56
(.12-,26)
F 123.08 56
(.07—.3o)
F .35:.04 56
(.19—.40)
} F .14:.04 56
1 , (.05—.25)
} '; F .l3:.06 56
1 . (.01—.20)
‘ F .84 56
7
’ 1 F .40:.03 56
1
(.38—.43)
l
1 F .42:.05 56
1 (.29-.6l)
5001; w 0.25 57
600/) 1 ‘1 w 0.36 57
1 .
‘ i
i 3
10 622 i 4050 F 0.28 57
15 i 260 246 F 0.80 57
1
13 215 ‘ 136 F 0.44 57
15 546 1 2838 F 0.08 57
16 186 } 186 1 F 0.32 57
1
14
1
434
840
F
0.24
57
1
15
297
400
F
0.80
57
13
388
604
F
0.32
57
15
378
708
F
0.24
57
15
340
472
F
0.24
57
10
212
132
F
1.7
57
12
442
I
894
F
0.96
57
4
467
'
1126
F
0.96
57
10
376
454
F
1.8
57
10
363
445
F
1.3
57
19
454
1050
F
3.6
57
2
454
922
F
<0.15
57
10
472
1258
F
2.60
57
3 F 3.57
10
F
0.53
57
1
24
9 250 280 0.34 15
(.20—.42)
6 230 196 0.25 15
(.19—.31)
6 375 616 0.37 15
(.31-.41)
      
(a)
fillet
whole fish
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TABLE 1.6-2
MERCURY CONTENT IN EDIBLE TISSUE OF LAKE ERIE FISHES
  
  
  
  
  
  
  
  
  
   
(Ref. 59)
Fall 1970
Species Basin
Western Central Eastern
Walleye 0.79 (25)('1 0.65 (25) 0.33 (25) Hg (ppm)
Coho salmon 0.69 (20) 0.58 (10) 0.51 (13)
Yellow perch 0.61 (25) 0.49 (25) 0.29 (25)
White bass 0.60 (25) 0.72 (25) 0.43 (25)
Channel catfish 0.36 (25) 0.42 (20) —
Freshwater drum 0.67 (25) 0.62 (20) 0.30 (25)
Carp 0.23 (25) 0.35 (17) 0.36 (14)
White sucker 0.55 (24) 0.56 ( 8) 0.35 (25)
Gizzard Shad 0.20 (25) 0.21 (15) 0.26 (18)
Smallmouth bass — 0.55 (14) -
Smeltb — - 0.30 (10)
   
a — Numbers in parentheses refer to number of fish used in composite.
b - Mercury content of the entire fish.
TABLE 1.6—3
MERCURY LEVELS IN LAKE ERIE FISH TISSUE
(Ref. 24)
(a) Wallexe Mean Mean
Mean Range Z over Length Weight
Year N ppm ppm 0.5 ppm (cm) (gm)
1971 7 0.55 0.4—0.94 57 26 148
1972 101 0.58 0.14—1.35 76 34 426
1974 50 0.52 0.20-1.06 48 40 831
1975 72 0.68 0.15—1.98 51 45 NA
1976 192 0.31 0.09-1.25 8 35 447
1977 - — — — — —
(b) White Bass
1971 12 1.19 0.49—2.12 92 20 178
1972 149 0.53 0.08—1.96 34 24 200
1974 - — ' - — - —
1975 61 0.77 0.12-1.57 85 31 457
1976 2 0.31 0.26-0.37 — 28 380
1977 92 0.21 0.06—1.06 5 28 316
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Fig. 1.61 DECLINING MERCURY LEVELS IN WHITE BASS FROM WESTERN LAKE ERIE
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I l I
1 1972
1973
1974 1975 1977
Fig. 1.6-2 DECLINING MERCURY LEVELS IN YELLOW PICKEREL FROM WESTERN LAKE ERIE.
(Ref. 24)
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TABLE 1.6-4
CONCENTRATIONS
OF HEAVY METALS
IN LAKE
ERIE FISH
Date
Sampling
Location
Species
Metals
(ppm wet weight)
Information
Source
 
1
9
7
3
1973
1973—74
1976
1976
1976
1976
   
As
Off
Swan
Yellow Perch
<.01
Creek
‘Channel
0
.02
1
Catfish
Walleye
.02
Whiting
Yellow Perch
.10
Power
Plant
Channel
.03
Catfish
Walleye
<.01
(See
Table
1.6—5)
Western
Lake Erie
Wheatley
Rainbow
Dock
Smelt
Yellow Perch
.01
White
Sucker
.01
Outer
Harbor,
Erie, PA
Presque Ile
White
Peninsula
Crappie
.02
Channel
.03
Catfish
and
Brown
Bullhead
Whole lakﬁ All species
  
.13—.16
Cd
.02
.78
.10
.02
.02
.14
<.l
.01
.05
.07
.11
Cu
Cr
Hg
Mo
Ni
Pb
Sb
Se
Zn
.30
.18
.55
.20
.30
4.59
.61
.18
.49
.12
.34
6.05
.44
.20
.79
.13
.52
.41
.29
.57
.20
.20
\
T
M
\
‘
Y
:
\
(
‘
4
\
T
.40
.39
v .41
.23
.25
5.15
.32
.12
.35
.20
.69—.80
\
T
mr
—
t
I
(
"
"
1
C
30—24
.18
N.D.
.28
.01
7.53
.14
N.D.
.09
4.8
.82
N.D.
.09
.01
1.91
.09
N.D.
.01
4.34
.24
.30
.12
.06
.68
.51
.13
.08
.01
.41
.38
.14
N.D.
N.D.
4.58
N.D. .03 5.8
0.04—0.12
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TABLE 1.6—5
CONCENTRATIONS OF SELENIUM IN WESTERN LAKE ERIE
FISH FROM SIX LOCATIONS*
Average Concentration Selenium (ppm)fl Std.
Error of the Mean
 
Species No. Fish Wet Weight Dry Weight
Yellow Perch 79 0.74t0.05 3.32f0.22
Sheepshead 13 l.51f0.l9 8.12fl.02
Common Shiner 21 O.44f0.03 1.80t0.12
Spottail Shiner l6 0.69f0.09 2.82t0.37
Carp 6 0.82f0.13 3.57:0.55
White Bass 4 0.82f0.l3 4.26f0.69
Gizzard Shad 4 O.73f0.07 5.69f0.34
Walleye 7 O.52f0.ll 2.44f0.52
White Sucker 2 0.59 3.01
*See Reference Number 5
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PCB ANALYSES
L66
ANALYSES OF LAKE ERIE FISH TISSUE
Location
§22£1§§
No.
Samgles
Mean
Length (mm;
Portion (a)
Analyzed
Mean PCB
Conc. (ppm) Source
   
Erie, Pa.
Erie, Pa.
Erie, Pa.
Eastern Basin
Eastern Basin
Eastern Basin
Eastern Basin
Eastern
Eastern Basin
Western Basin
Western Basin
Western Basin
Western Basin
Western Basin
Western Basin
Western Basin
Western Basin
Western Basin
Central Basin
Central Basin
Central Basin
Central Basin
Central Basin
Central Basin
Central Basin
Central Basin
Central Basin
Central Basin
Central Basin
Central Basin
Central Basin
Central Basin
Central Basin
Western Basin
Central Basin
Central Basin
Central Basin
Long Point Bay
Long Point Bay
Long Point Bay
Long Point Bay
 
Yellow Perch
White Sucker
Freshwater Drum
Coho Salmon
White Bass
Yellow Perch
Carp
Channel Catfish
Freshwater Drum
Salmon
Walleye
Rock Bass
White Bass
Yellow Perch
Alewife
Catfish
Freshwater Drum
Gizzard Shad
Rock Bass
Smallmouth Bass
White Bass
Yellow Perch
Alewife
Burbot
Freshwater Drum
Gizzard Shad
Pickerel
Yellow Perch
White Bass
Rock Bass
Burbot
Smelt
Alewife
White Bass
Smallmouth Bass
White Bass
Yellow Perch
Smallmouth Bass
White Bass
Yellow Perch
White Bass
 
5
3
5
30
     
2.3
2.5
1.9
2.1
5.6
1.6
2.1
0.3
3.7
3.4
0.94
0.65
1.5
0.36
0.65
1.3
2.9
5.6
0.73
0.96
0.25
0.7
.52—0.89)
1.0
.6—1.7)
0.25
.18-0.33)
5.6
 
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
fillet
"edible
portion"
whole fish
 
 TABLE 1.6-6 CONT'D
           
No. Mean Mean 36 E Portion Mean PCB
Y_ea_r Location Sgecies Samples Length (mm)_ Weight (3&2 Lipid __Am Conc. m _S_o_1£:_e__
1973 Central Basin Smelt 10 30 0.50 52
1975 Point Pelee Minnow 120 1.0 62
(0.95-1.8) 62
1975 Pt. Colborne Minnow 70 0.22 62
(0.05-0.85) 62
1975 Pt. Rowan Minnow 70 0.08 52
(0.04-0.16) 52
1975 Turkey Point Minnow 60 0.1!. 62
(0.10-0.17) 62
1975 Pt. Rowan Spot Tail Shiners 5 65:4 2.1101) 0.0610.” 52
1975 Pt. Pelee Spot Tail Shiners 5 634:3 l.8:0.2 0.84:0.40 62
1975 Pt. Colborne Spot Tail Shiners 5 61:3 1.2203 0.83-0.03 62
1975 Tremblay Creek Spot Tail Shiners lo esfs 3-4313 02810.21 62
1976 Central Basin Freshwater Drum 8 5-52 0.88 63
1976 Central Basin White Bass 2 8-43 0.1 63
1976 Central Basin Alewife 22 23.74 0.38 63
1976 Central Basin Yellow Perch 21 3-32 0.29 53
1976 Western Basin Freshwater Drum 23 9-42 0.63 63
1976 Western Basin Yellow Pickerel 11 3-7 0.7 53
1976 Western Basin Yellow Perch lo 2-1 0.58 53
1976 Western Basin Coho Salmon 9 2.65 1.1: 63
1976 Western Basin Yellow Perch 31 1‘76 0.6 63
1976 Western Basin Yellow Walleye 2 21'3 4.6 63
l976 Long Point Bay Smelt 75 2‘0 0.32 62
(0.25-0.95) 62
1976 , Wheatley Dock Smelt 75 1-6 0.59 62
(0.20—0.95) 62
1976 Western Basin White Bass 3 31:3 7.2 0.26 58
1976 Western Basin Gizzard Shad 27 138 11.4 0.02 58
1976 Western Basin E.Shiners 60 85 6.7 0.06 58
1976 Western Basin Smelt 60 196 3.5 0.06 58
1976 Western Basin Alewife 21 43 8.5 0.02 58
1976 Western Basin Spotted Tail Shiners 60 223 3.8 0.05 58
1976 Whole lake All species 3000 0'03‘1-52 9
1976 Erie, Pal Yellow Perch 5 p 0.23 16
1976 Erie, Pa. White Sucker 5 F 0.05 16
1976 Erie, Pa. White Crappie 5 p 0-19 16
1976 Erie, Pa. Channel Catfish, F
Brown bullhead 5 0.93 16
1976 Lake Erie Yellow Perch lo 193 E? 0-18 16
1976 Lake Erie White Bass 4 213 51: 0.32 16
1976 Lake Erie Smallmouth Bass 3 287 EP 044 16
1976 Lake Erie Rainbow Trout 1 533 E? 0.34 16
1976 Lake Erie Walleye l 368 15? 0.11 16
1976 Lake Erie Coho Salmon 1 526 E? 0.72. 16
1976 Presque Isle Bay Yellow Perch 2 267 E? 0.33 16
1976 Presque Isle Bay Walleye l 358 [p 0.22 16
1976 Presque Isle Bay White Crappie 1 236 E? 0-33 16
1976 French Creek Smallmouth Bass 1 241 E? 0.17 16
1976 Godfrey Run Coho Salmon 6 486 (f) 4.36 16
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 TABLE 1.6-6 CONT'D
   
No.
Mean
Mean
Z
Port.
Mean PCB
101']
Year
Location
Sgecies
Samgles
Length
6mm)
Weight
(gm)
LiEid
Analngg
Conc.
m
Source
1976
Tributary
to L.Erie
Rainbow
Trout
3
517
(f)
3.71
16
1977
Dunkirk
Rainbow Trout
15
523
8.2
1.21
64
(0.46-2.66) 64
1977
Dunkirk
Brown
Trout
2
436
11.3
1.57
64
1977
Dunkirk
Coho
Salmon
5
445
9.2
0.86
64
(0.7-0.99) 64
1977
Dunkirk
Smallmouth
Bass
17
358
3.5
1.3
64
(0.43—2.31) 64
1977
Dunkirk
Yellow Perch
21
245
0.8
0.25
64
(0.13-0.41) 64
1977
Dunkirk
Walleye
21
510
3.8
0.56
64
(0.13-1.36) 64
1977
Achcl Springs
Smallmouth
Bass
15
370
3.2
0-88
'
64
(0.28-1.53) r
1977
Western
Basin
Coho
Salmon
30
1495
4.0
(f)
0-52
1
65
(Apr.—Aug)
(0.23—0.98)
l
55
1977
Central Basin
Coho
Salmon
21
640
5.5
(f)
0.51
‘
65
Aug.
(0.17—1.2)
65
20
673
0.533
i
65
1
1977
Godfrey
Run
Rainbow
Trout
1
620
EP
0.6(8)
66
1977
Godfrey
Run
Brown
Trout
l
500
F
1.1(3)
f
1977
Lagoons
of
J
Presque
Isle
Bay
Largemouth
bass
1
305
N.D.
i
66
1977
Maumee
River
Shad,
perch,
Sandusky Bay Carp, drum
David
Besse
catfish
see
Table
1_6_8
57
l
          
(a) Aroclor
1254 concentrations:
Aroclor 1248 not detected.
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TABLE
1.6-7
PESTI
CIDE
RESID
UES I
N LAK
E ERI
E FIS
H
 
Average
(Ran
ges
Con
cen
tra
tio
ns
in Brackets)
PPM
 
Year Location Species
No.
Sam
ple
s
Me
an
Len
gth
(mm)
Hep
ta—
chlor
Epo
xid
e
7 Portion
Anal
yzed
ZDDT
DDE TDE DIEL
DRIN
END
RIN
CHL
OR—
DANE
MIREX
SOURCE
 
1974
1974
197
4-7
5
1975
1975
1975
197
5—7
6
197
5—7
6
197
5-7
6
1975—76
197
5—7
6
197
5—7
6
1976
1976
1976
1976
1976
1976
1976
1976
1976
19
76
1976
1976
 
Port Clinton
Ohio
Erie, PA
Pt. C
olbor
ne
Pt,
Rowa
n
Pt.
Pele
e
Tre
mbl
ey
Cre
ek
Whe
atl
ey
Doc
k
Lon
g P
oin
t B
ay
Tur
key
Poi
nt
Point
Pelee
Pt.
Pt.
Row
an
Co
lb
ot
ne
Ce
nt
ra
l
Ba
si
n
Ce
nt
ra
l
Ba
si
n
Cen
tra
l B
asi
n
Cen
tra
l B
asi
n
Cen
tra
l B
asi
n
Ce
nt
ra
l
Ba
si
n
Ce
nt
ra
l
Ba
si
n
Cen
tra
l B
asi
n
Wester
n Basi
n
Wester
n Basi
n
Western Basin
Western'Basin
 
White
Bass
Walleye
C
a
r
p
Freshw
ater D
rum
Yellow Perch
White
Sucke
r
Spot
Tail
Shin
ers
Spot
Tail
Shin
ers
Spot Tai
l Shiner
s
Spot Tai
l Shiner
s
Smelt
Smelt
Min
now
Min
now
Min
now
Minnow
Freshw
ater D
rum
White Bass
Ale
wif
e
Yellow Perch
Yellow Perch
Gizzard Shad
Emerald Shiner
Rainbo
w Smel
t
White Bass
Giz
zar
d S
had
Emeral
d Shin
ers
Smelt
 
m
m
m
q
m
m
o
m
x
o
x
o
o
o
N
N
H
H
H
O
N
N
N
60
65
27
6
0
60
280
440
353
61f3
65
i4
63:3
65:5
  
16
.4
10.3
12
.1
4.5
5.
8
3
3
3
3
3
l.2
f.3
2.1f0.6
1.8
t0.
2
3.4
:1.
9
0.001
t.001
.001
t.00
1
ND
.002
f.00
1
5.
52
8.43
23
.7
2.36
4.41
12.2
7.7
3.49
7.2
11.4
6.
68
3.48
   
.9
8
.21
.10
.06
.02
.43
.06
.10
.06
.02
.03:.02
.13t
.07
.o9t
.02
.ost.05
0.
11
0.
09
0.
16
0.06
0.
07
0.15
0.10
0.
06
0.
43
0.
14
0.
12
0.05
0.03
0.
05
0.
03
0.
03
0.05
0.
04
0.03
0.
20
0.05
0.06
0.
08
  
.4
7
.49
.15
0.06
0.06
0.10
0.03
0.
04
0.10
0.
05
0.03
0.23
0.09
0.06
0.04
 
.13
.14
.03
0.05
0
.
1
7
0.09
0.03
0.
03
0.
08
0.
04
0.03
0.16
0.08
0.05
0.03
 
N.D.
N.D.
N.D.
N.D.
  
 
6
8
68
6
8
6
8
6
8
6
8
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TAB
LE
1.6
-7
(CO
NT’
D)
EEST
ICID
E RE
SIDU
ES I
N LA
KE E
RIE
FISH
 
Aver
age
Conc
entr
atio
ns P
PM
(Ran
ges
in B
rack
ets)
Ye
ar
Lo
ca
ti
on
Sp
ec
ie
s
No
.
Sam
ple
s
Me
an
Len
gth
(mm)
Z
Lip
ids
Po
rt
io
n
An
al
yz
ed
Hep
ta—
chl
or
Epo
xid
e ZDDT
DDE
TDE DI
EL
DR
IN
END
RIN
MIR
EX
SOURCE
 
19
76
1976
1976
1976
19
76
1976
1976
1976
1976
19
77
(Sp
rin
19
77
19
77
1977
1977
1977
19
77
1977
19
77
1977
 
Wes
ter
n B
asi
n
Wester
n Basi
n
Wes
ter
n B
asi
n
Wes
ter
n B
asi
n
Wes
ter
n B
asi
n
Wester
n Basi
n
Wes
ter
n B
asi
n
Wes
ter
n B
asi
n
Ash
tab
ula
Riv
er
Du
nk
ir
k
g
)
Du
nk
ir
k
Du
nk
ir
k
Du
nk
ir
k
Ath
ol
Spr
ing
Dun
kir
k
Du
nk
ir
k
God
fre
y
Run
God
fre
y
Run
God
fre
y R
un
 
Ale
wif
e
Sp
ot
Ta
il
Sh
in
er
s
Fre
shw
ate
r
Dr
um
Ye
ll
ow
Pi
ck
er
el
Ye
ll
ow
Pe
rc
h
Co
ho
Sa
lm
on
Yel
low
Per
ch
Ye
ll
ow
Wa
ll
ey
e
See
Tab
le
1-6
-10
Ra
in
bo
w
Tr
ou
t
Bro
wn
Tro
ut
Co
ho
Sa
lm
on
Sma
llm
out
h
Bas
s
Smal
lmou
th
Bass
Yel
low
Per
ch
Wal
ley
e
Co
ho
Sa
lm
on
Rai
nbo
w T
rou
t
Bro
wn
Tro
ut
 
21
60
2
3
11
10
9
4
9
1
5
1
7
1
5
21
 
525
436
445
35
8
370
245
650
610
432
 
8.49
3
.
7
8
4.
42
3.70
4.12
2.65
1.76
21.3
 
E
P
  
0.
13
0.11
0
.
0
7
0.13
0.10
0.
34
0.
07
1.32
0.
13
(0.03
—0.19
)
0.
17
(0.16
—0.19
)
0.09
(0.07
—0.11
)
0.
14
(0.06—0.27)
0.
08
(0.
03—
0.1
3)
0
.
0
2
(0.01
-0.03
)
0
.
0
7
(0.
02—
0.1
4)
0.
15
0.
18
.30
0.
05
0.05
0.
04
0.06
0.05
0
.
2
4
0.03
0
.
7
0
 
0.06
.06
.1
4
 
0.
08
0.06
0.
03
0.
06
0.05
0.1
0.
04
0.50
0.
06
.08
.11
0.
07
0.06
0.03
0.05
0.
05
0.76
0
.
0
4
0
.
3
6
   
0.
00
0.00
0.
00
 
63
63
63
63
63
63
63
6
3
63
6
4
66
66
66
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TABLE
1.6—7
CONT'
D
 
SID
ES I
N LA
KE
ERIE
FISH
Averag
e Conv
ontrut
iuns P
 
(Ranges
in Bruwk
uts)
Year
Locat
ion
Speci
es
No. Mean Z
Samples
Lipids
Por
tio
n
Analyzed
Hop
tu—
cl11
17r
Epoxidc
 
I 001' 01HT
  
1977
(a)
(Fall)
19
77
Dunkir
k
Rainbo
w Trou
t
(a)
Dunkir
k
Brown
trout
(a)
1977
Dunkirk
Coho Sal
mon
1977
1977
1977
Western Basin Coho Salmon
Centra
l Basi
n C
oho Sa
lmon
Maumee River See Table 1.6—8
Lake Erie —
David Besse
Sandusky Bay
   
11 5
12
14.9
11
456
8.1
2
0
     
0.
17
(0.08—0.29)
0.1
n
|
(0.1—0.29)
0.11
l
(0
.0
8—
0.
17
)
  
 
( 10R-
INDR l D
AM-j 5‘. l
REX
SU'L'RLJY
 
0.00
0.00
    
()
6
(7
0
{1
h
(3
0
(a)
HCB An
alyses
also p
erform
ed.
 
Resul
ts be
low d
etect
ion l
imit
0.01.
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TABLE 1.6-8
PE
ST
IC
ID
E
AN
D
PCB
RE
SI
DU
ES
IN
LAK
E
ERI
E
FI
SH
—
FA
LL
(Refer
ence 6
7)
{
D
N
E
M
Q
J
LOCA
TION
SPECIES
TIS
SUE
NO.
FI
SH
NO
.
OF
AN
AL
YS
ES
WEI
GHT
(
g
)
R E
S I
D U
E
C 0
N C
E N
T R
A
T I
O N
S
(p
p m
)
 
Z
LIP
ID
DDE
DDD
TOT
AL
DDT
DIE
LDR
IN
ALD
RIN
tra
ns-
cis
—
CHL
ORD
ANE
CHL
ORD
ANE
BHC
hEPTA
CHLOR
EPOXIDE LIN
DAN
E
PCB
v
—
I
N
Q
W
Q
N
m
r
-
{
I
—
C
1
5
16
17
18
1
9
20
21
2
2
23
 
N
r
—
i
m
m
m
m
m
m
m
m
m
 
Sh
ad
Sh
ad
Per
ch
Perch
Ca
rp
Ca
rp
Dr
um
Drum
Perch
Perch
Perch
Perch
Ca
tf
is
h
Cat
fis
h
Perch
Perch
Ca
tf
is
h
Cat
fis
h
Ca
tf
is
h
Ca
tf
is
h
Whole
Body
Filet
Car
cas
s
Filet
Carcass }
Dre
sse
d
Fish }
Carcass
Car
cas
s
File
t
}
Dre
sse
d
Fish }
Ca
rc
as
s
Dres
sed
}
Fish
Carcass
 
M
M
M
M
v
—
d
l
—
{
H
r
—
I
v
—
i
 
r
—
(
H
H
H
v
—
d
u
—
i
r
—
i
v
-
i
 
14,2
5,26
25
,8
3,
17
0
112
,11
6,1
30
74,1
03,1
05
616
620
189.9
132.3
232
.1
108
599
154
.8
331
.8
294
 
0
0
N
w
m
x
w
O
N
N
o
m
N
H
'
\
O
v
—
I
N
.03
.0
5
.03
<.
01
.02
.05
.0
2
.0
4
.04
.03
.03
.05
.04
.07
.08
.0
7
.04
.0
2
.07
.05
.1
2
.09
.03
.2
1
.06
.40
.1
4
.3
2
.1
4
.0
1
.17
<.
Ol
.1
4
.1
8
.33
.19
.2
2
.1
7
.2
7
.0
17
ND
.0
5
ND
<.
01
ND
<.
01
ND
.01
ND
.0
1
ND
<.
Ol
ND
.01
ND
<.
01
ND
.01
.01
.01
.01
.01
.0
1
.01
.0
1
.01
.03
.05
.0
2
<.01
.02
.02
.01
.02
.03
.11
.1
2
.07
.0
2
.0
7
.06
.08
.08
.13
V
V
V
V
V
V
V
.06
ND
.01
<.0
1
.O4
<.0
1
.04
.03
.2
1
.1
4
.02
ND
.01
.03
.08
ND
.06
.13
.11
.63
.04
.15
.04
.0
6
ND
ND
.09
.0
8
<.O
l
ND
\.0
1
=.<
H
.02
ND
ND
.03
< .0
1
ND
.17
.26
.03
.04
.14
.14
.26
.06
.14
s
<
<
<
<
"\
<
.01
.0
1
.0
1
.01
.01
.0
1
.01
.01
.01
AH
.01
.01
.0
1
.01
.03
.01
.01
.01
.02
.03
ND
<.01
<.
01
ND
ND
«.01
<.01
2.01
<.01
\.OI
N
D
‘.01
.02
.0
1
N
D
.01
.0
1
‘.01
N
D
<.Ol
N
D
ND
ND
ND
ND
ND
ND
N
D
ND
ND
ND
ND
“.
01
ND
ND
N
D
N
D
ND
N
D
.69
1.72
.4
4
.35
.21
.32
.2
6
.36
.0
6
 
ND
- N
one
det
ect
ed
T
— Trace
Lo
ca
ti
on
:
1 —
MAU
MI’
L
RIV
ER
(To
led
o
Edi
son
Pla
nt
.‘IC
riv
er
mou
Lh)
2 —
LAK
E
ERI
E-D
AVI
S
BES
SE
3 —
SAN
DUS
KY
BAY
(ou
ter
bay
)
 
TABLE 1,6—9
SUMMARY OF GLECS‘DATA
LAKE ERIE FISH
   
(Ref. 69)
_.. Concentrations n ppm _
Date Site Species No. DDT PCB Mercury 7 Dieldrin
1974 Monroe Carp <5 lbs 4 .28 3.7 .34 0.0
Carp >5 lbs. 8 .36f.26 3.9f1.6 .27f.07 .01
1974 Monroe Catfish >17" 3 .31 2.97 .66 .00
Catfish 17—20” 2 .43 3.00 .20 .09
1974 Monroe Drum 10 .01 .52f1.0 .43f.l6 .00
1974 Monroe Yellow Perch 24 .00 .03 .36 .00
1974 Monroe Walleye 12 .O6f.16 .22f.40 .33f.23 .01
1974 Monroe White Bass 6 .02 2.18f1.22 .63f.l4 .01
1975 Monroe Carp <5 lbs 11 .13f.11 3.17fl.95 .21t.11 .01
Carp >5 lbs. 1 .24 3.9 .41 .01
1975 Monroe Catfish >17” 5 .16f.13 3.29f1.85 .23f.09 .02
Catfish 17—20" 2 .30 5.65 .30 .01
1975 Monroe Drum 12 .00 .11 .38f.29 .00
1975 Monroe Salmon 8 .04f.04 .38f.34 .06 .02
1975 Monroe Walleye l3 .Olf.02 .34j.42 .3lf.24 .00
1975 Monroe White Bass <10" 2 .00 .55 .39 .00
White Bass >10" 6 .02f.03 1.78f1.10 .73f.18 .03f.03
1975 Monroe Rainbow Trout l .04 .70 .00 .01
1975 Monroe Chinook Salmon 6 .O6f.02 .25f.l7 .06 .04
       
Great Lakes Environmental Contaminant Survey
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 TABLE 1.6-10
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R
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R
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R
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e
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e
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H
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l
o
r
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e
n
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e
n
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H
e
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a
c
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l
o
r
o
s
t
y
r
e
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e
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H
e
p
t
a
c
h
l
o
r
o
s
t
y
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e
n
e
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O
c
t
a
c
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l
o
r
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s
t
y
r
e
n
e
Cis— chlordane
DDE
100
T
e
t
r
a
c
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l
o
r
o
b
u
t
a
d
i
e
n
e
I,
I
I
P
e
n
t
a
c
h
l
o
r
o
b
u
t
a
d
i
e
n
e
I,
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Hexachlorobutadiene
Tetrachloropropene
Pentachloropropane
P
e
n
t
a
c
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l
o
r
o
n
o
r
b
o
r
n
e
n
e
Trans—nonachlor
Table 1.6-11 HEAVY METAL RESIDUES IN SPOTTAIL SHINERS, 1977 (Hg/g) (MEANS AND 95% CONFIDENCE LIMITS)
 
SITE LOCATION
Sample T.L. % Lipid Hg
Cu
Zn
Pb
As
No
(mm)
GEORGIAN BAY
Nottawasaga River 10 58:2 8:0.1 0.035:0.003 —* —* -* -*
LAKE ST. CLAIR
Thames River
10 58:2 l.5:0.2 0.062:0.004 -* -* -* -*
(Tremblay Creek)
LAKE ERIE
1
0
1
Detroit River
9 57:2 O.9:O.l 0.093:0.010 1.57:0.3 29:2
0.13:0.008
(Big Creek)
Sturgeon Creek
10 58:2 l.6:0.2 0.056:0.004 —* -* -* -*
Grand River
10 45:2 l.5:0.l 0.037:0.010 —* -* —* -*
LAKE ONTARIO
Niagara River
10 51:3 2.9:O.l 0.074:0.008 1.27:0.3 32:4
0.21:0.020
Burlington Beach
9 55:3 5.3:O.5 0.039:0.006 —* -* —* -*
Humber River
10 62:2 7.2:O.3 0.044:0.003 1.22:0.2 26:1
0.09:0.009
Salmon River
10 78:2 3.8:O.2 0.01: 0.004 -* —* —* ‘2 —*
*
not
analyzed
for
  
1
0
2
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D
IN
(x
an
d
95%
co
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EMER
ALD
SHIN
ERS
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AKVI
LLE
CREE
K AN
D TH
E GR
AND
RIVE
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1976
(ng/
g)
LOC
ATI
ON
No.
Sa
mp
le
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Total
Length
% Lipi
d
(m)
BBHC
Hepta
chlor
Aldri
n
LAKE
ONTAR
IO
Oak
vil
le
Cre
ek
10
LAKE
ERIE
Gra
nd
Riv
er
10
Gra
nd
Riv
er
8
(youn
g-of—
the-y
ear)
82:3
3.9:O
.6
ND
ND
ND
Con
tin
uat
ion
of
abo
ve
LOC
ATI
ON
Hep
tac
hlo
r
Epoxide
Thi
oda
n
Die
ldr
in
I &
If
pp' DD
D pp'
DDT
x-Chl
ordan
e Y
—Chl
orda
ne
Mirex
LAK
E O
NTA
RIO
 
Oa
kv
il
le
Cr
ee
k
2:1
L
A
K
E
E
R
I
E
Gr
an
d
Ri
ve
r
2:
1
Gr
an
d
Riv
er
1:0
(yo
ung
-of
-th
e-y
ear
)
ND
7:2
ND
14:7
ND
5:2
20:7
19:3
39:8
11:6
13:6
ND
3:2
7:2
ND
ND
- n
on
de
te
ct
ab
le
—
-
Le
ss
th
an
1
 
Table
1.6—l
3
ORGANOCHLORINE CONTAMINANT RESIDUES FOUND IN SPOTTAIL SHINERS IN SOME ONTARIO DRAINAGE BASINS, 1977 (ng/g)
(i and 95% confidence limits)
 
LOCATION
NO.
Total Length % Lipid
PCB
ZDDT
Mirex
HCB XBHC Lindane
Samples
(mm)
GEORGIAN BAY
Nottawasaga River
10
58:2
8.0:O.l
90: 7 106: 7
ND
ND
4:1
ND
LAKE ST CLAIR
Thames R. (Tremblay Creek) 10
58:2
l.5:0.2
64:11 12: 4
ND
ND
ND
ND
LAKE ERIE
Detroit River (Big Creek) 9
57:2
0
Sturgeon Creek (Pt. Pelee) 10
58:2
1.6
Grand River
10
45:2
1 5
: l
447:41
71:13
ND
ND
ND
ND
:0.2
467:70
133:28
ND
ND
ND
ND
: l
56: 7
12: 1
ND
ND
ND
ND
LAKE ONTARIO
Niagara River
10
51:3
Burlington Beach 9 55:3
Humber River
10 62:2
Salmon River
10 78:2
00
"
r
—
{
L
ﬁ
m
N
0
654:105' 150:20
13:2
25:7 8:3
11:5
833:69 267:24
9:1
4:2 7:1
3:1
2175:155 276:36
5:1
5:1
38:4
3:1
112:20
44:7
1:1
ND
3:1
ND
M
N
0
+
|
+
l
+
l
+
1
(
I
)
o
.
N
1
.
0
l
\
M
6
1
0
3
Continuation o f above
LOCATION
BBHC
Heptachlor Epoxide
Dieldrin
Endrin
XChlordane
YChlordane
Heptachlor
Aldrin
GEORGIAN BAY
Nottawasaga River
ND
3:1
6:3
2:1
8:3
3:2
ND
ND
LAKE ST. CLAIR
Thames R. (Tremblay Creek)
ND
ND
ND
ND
3:2
ND
ND
ND
LAKE ERIE
Detroit River (Big Creek)
ND
ND
ND
ND
ND
ND
ND
ND
Sturgeon Creek (Pt. Pelee)
ND
ND
ND
ND
13:3
11:2
ND
ND
Grand River
ND
ND
ND
ND
ND
ND
ND
ND
LAKE ONTARIO
Niagara River
7:4
1:1
ND
ND
87:8
28:8
ND
ND
Burlington Beach
1:1
3:1
ND
ND
25:6
23:6
ND
ND
Humber River
ND
2:1
18:1
4:1
3:1
57:11
ND
ND
Salmon River
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1. 7
-DATA ON WILDLIFE
Analyses of herons, starlings and herring gull eggs from the
Lake Erie Basin are summarized in Tables 1.7—1 and 1.7-2
(references 71-74).
Because most of the analyses are recent,
no trends can be determined.
Intensive analyses of residues in fish—eating birds of Lake
Erie are currently underway, and preliminary results may be
available by July 1979. The program is to continue until
March 1980.
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Mercury concentrations (ppm fresh weight) in great blue herons, black—crowned night herons and American egrets collected
during August and September 1972 from the southwestern Lake Erie region.
Tissue
 
Breast
Primary
Age
muscle
Liver
Brain
wing feathers
Location of collection
_
_
Species
N
X
Range
X
Range
Range
X
Range
I
X
 
Adult:
Winous Point Shooting Club:
Great blue heron
Black-crowned night heron
American egret
West Sister Island
Black—crowned night heron
American
egret
.30 .19—.4o
1.16 1.05—1.27
.18 .14-.22
3.15 2.72-3.57
.27—.36 4.38 .67-8.081 .27 .24-.29
5.10 5.10
.66 .65—.68
1.57 1.09—2.46
.42 .38-.47
5.09 3.79—6.00
.
4
C
V
)
.
N
W
”
N
H
1.12
1.10—1.13
3.13
3.29—2.98
1.14
1.10—1.18
11.53 10.49—12.5
.31
.31
1.05 1.05
.43
.43
4.92 4.92
1
0
7
Juvenile:
Winous Point Shooting Club:
Great blue heron
3
.25 .17—.27
1.60 1.30-2.12
.22 .17—.27
3.83 3.42—4.27
West Sister Island:
Black-crowned night heron
2
.47 .36—.59
1.42 .84-2.00
.44 .26—.62
Nestling:
Winous Point Shooting Club:
Great blue heron
4
.12 .07-.19
.93 .74—1.23
.12 .08—.15
West Sister Island:
Great blue heron
Black-crowned night heron
American egret
.62 .56—.69 3.16 1.98-4.34 .28 .24-.31
.55 .53—.57 1.26 .77-1.76 .32 .20—.45
.50 .40-.60
.80 .65—.95
.18 .15-.21
 
N
N
N
1Analysis indicated at least 8.08 ppm Hg. Precise measurement of the Hg concentration beyond this level was not determined.
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Annual samplingprogramson the Detroit River have occurred consistently
since 1967. Specific details of the programs are described in the
Surveillance Subcommittee's 1977 report (75) to the Water Quality
Board, and the results are reported in the Subcommittee's Annual
Reports. Data on the Detroit River prior to 1967, are found in such
documents as the: "Proceedings of a Conference in the Matter of
Pollution of the Navigable Waters of the Detroit River and Lake Erie
and Their Tributaries in the State of Michigan"(3), and the report
"Water Pollution Investigation: Detroit and St. Clair Rivers."
The latter report (76) reviews'historical chemical and biological
data, as well as data obtained in 1973. A recent report by the Ont.
Min. of Nat. Resources (174) reviews pastand existing environmental
monitoring programs on Lake St. Clair - St. Clair River.
2.1 DATA ON WATER QUALITY
Tables 2.1—1 and 2.1—2 show the changes in concentrations
of metals from the beginning of St. Clair River to the mouth
of the Detroit River (76,77). Increases in cadmium, chromium,
copper, lead and nickel are observed, especially downstream
from the Ecorse River.
Table 2.1—3 lists the organic compounds found during the EPA
study to detect previously unrecognized pollutants in surface
waters (18) and during the Health and Welfare Canada national
survey of halomethanes in drinking water (78). Table 2.1-4
shows the results of the Michigan Department of Natural
Resources survey of water quality in the Detroit and St. Clair
Rivers (77).
A recently published PLUARGreport (170) lists the concentra—
tions of pesticides found in the Big Creek (AG—l) and Holiday
Creek (AG-5) watersheds which eventually drain into Lake St.
Clair via the Thames River. Table 1.1—11 describes the
watershed sizes and tables 1.1—12 t0 1.1-22 Show the dGCECted
concentrations of pesticides.
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 Date
Station(s)
HEAVY METAL CONCENTRATIONS IN WATERS OF DETROIT RIVER, LAKE ST. CLAIR; ST.
Samples
As Cd Cr Co
TABLE 2.1-1
pp
b
(u
g/
L)
C
u
(a
)
P
b
Hg
CLAIR RIVER
Ni
Se
Ag
Information
Zn Scurce
1972-77
1973—77
1973-77
1977
1
1
0
Port Huron WTP
St. Clair River
Detroit Water
Works
Detroit River
Ecorse River
Detroit River
Range
3.9
Near Rockwood
2,500' from w. shore
5,500' from w. shore
7,500' from w. shore
9,500' from w. shore
11,500' from w. shore
10
10
N
N
N
N
N
<l-l
<l—.2
l—3(b) <l—l
2-4
2—5(b)
2_16(b)
6_14(b)
4—6
<l—8
<5-35
lO—
lé
10-
12
10-13
10-12
6-11
<.l-.5
<.l—.5
<.2-.l
<.l—.l
<.l—.l
<.l
<.l-.l
<.l
<5-
10
<5-9
10—22
<2
<2
<1
<l-l
<l-l
<l-3
(b)
(b)
(b)
2_l3(b)
77
6-25(b) 77
23—28(b) 77
7
7
(a) total metal unless
otherwise specified
(b)
disso
lved
fract
ion
    
 
   
    
   
    
   
TABLE 2.1-2
HEAVY
METAL
CONCENTRATIONS
OBSERVED
IN
WATER
AND
SEDIMENTS
OF
DETROIT
AND
ST.
CLAIR
RIVERS
DURING
1973-74
—
EPA
CONTRACT
NO.
68—01—1570<76)
Range of Means of __Water (pg/L)
 
LOCATION Heavy Metal Concentrations Sediment (mg/kg)
Cd Cr Cu Pb Hg Ni Zn
St. Clair River — Mouth Lake 2.7—5.4 4.8—6.0 2.2-2.3 3.3—4.6 10—20 51—111
Huron (2 sites) 20-30 11—16 6—29 .l8 10—32 33—59
Detroit River - Peche Island .29—.33 4.8—9.1 4.6-7.1 2.0—2.7 4.0—4.4 14—16 63—87
Area (3 sites) 1.4—2.6 30—87 9—14 15—30 .l9—.50 24-32 44—81
Detroit River — below
.25—.33 6.7—16.7
lS—l6.3 4.1—9.6
1.5—3.6
18—26
65—89
Mouth of Ecorse River
1.8—8.5
32—962
16—116
27—289
.l9—.6l
19-142
77—335
(2 sites)
Mouth of Detroit River .3l—.95 4.3—17.l 5.8—12.0 3.4—9.2 2.4—3.1 15—31 65—84
Lake Erie (4 Sites) 2.7-7.6 98-353 16-83 35—123 .l7-l.45 23-66 117—346
'lll
ORGANIC COMPOUNDS
LAKE ST. CLAIR;
TABLE 2.1—3
 
IDENTIFIED IN THE WATERS OF
DETROIT RIVER AND ST. CLAIR RIVER
 
SAMPLING STATION
AND DATE
ORGANIC COMPOUNDS
AND CONCENTRATIONS
ppb INFORMATION
SOURCE
Maple Beach,
Gibraltar, MI,
Detroit River
1976
Detroit, 1/6 mile
from shore,
Detroit River
C7 Alcohol
C8 Alcohol
C9 Alcohol
Alcohol
Alcohol
Alcohol
Alcohol
0
H
O
H
H
‘
H
u
:
N
H
Alcohol
,
_
.
b
Alcohol
Alcohol
Alcohol
Alcohol
Alcohol
Alcohol
Alcohol
A
)
N
H
H
H
H
H
I
-
‘
O
O
O
J
V
O
‘
U
‘
Alcohol
N N
Alcohol
0
0
0
0
0
0
0
0
0
0
0
0
0
0
N
k
»
)
Alcohol
N 5
C26 Alcohol
Camphor (IS)
Dibutyl Phthalate
Dichlorobutene
Diethyl Hexyl Phthalate +
C25 Alcohol
Methyl—Z—Ethyl Hexanoate (IS)
Methyl Myristate
Methyl Palmitate
Methyl Stearate
C15 Terpiheol
Diethyl Hexyl Phthalate
Methyl—Z—Ethyl Hexanoate (IS)
Methyl Palmitate
Methyl Stearate
1,1,2,2—Tetrachloroethane
l8
N
W
D
O
‘
W
V
D
O
‘
D
W
W
W
W
W
N
N
N
I
—
‘
H
12
16
H
O
O
O
"
Port Huron,
St. Clair River
midstream
Camphor (IS)
Chloroform
Dibutyl Phthalate
Methyl—Z-Ethyl Hexanoate (IS)
Methyl Palmitate
Methyl Stearate
18
I
Algonac, MI.
St. Clair River
midstream
Windsor, Ontario
WTP Intake
1976
Treated
1976
chloroform
Chloroform
Bromodichloromethane
Chlorodibromomethane
Bromoform
Chloroform
Bromodichloromethane
Chlorodibromomethane
Bromodichloromethane
n
114
l 18
78
78
TABLE 2.1—4
ORGANIC CONTAMINANT SURVEY - WATERS 0F
DETROIT RIVER; LAKE ST. CLAIR. ST. CLAIR RIVER(a)
ORGANIC CONTAMINANTS SOUGHT AND DETECTION LEVELS (pg/L)
 
DBP: 1.0 Cyanide: 0.1-10 Aroclor 1242: 0.1
DEHP: 1.0 2,4—D: 0.05-5.0 Aroclor 1254: 0.1
Toxaphene: 1.0 Silvex: 1.0 Aroclor 1260: 0.1
Chlordane: 0.1 Endrin: 0.02 Dieldrin: 0.003
Lindane: 0.05 Heptachlor: 0.02 o,p—DDT: 0.01
Methoxychlor: 0.05-5 PCBs: 0.1-0.3 Phenol: .1—2
ORGANIC CONTAMINANTS FOUND,
LOCATION EQNCENTRATIONS (pg/L) AND DATE
Algonac WTP none
St. Clair River 1975—77
Port Huron WTP Cyanide - 0.1—0.5
St. Clair River 1974-77 p.p-DDT - O 014 (07/74)
DBP — 1.0 (07/74)
DEHP — 1.6-4.6 (07/74, 10/75)
Phenol - 4-2 (10/75 - 01/77)
*Detroit River — Range 30.8 1972-77 Cyanide — 0.1 (07/77)
(Detroit to Peche Island)
Detroit WTP DEHP - 5.7 (01/76)
Detroit River 1972-77 Phenol — <.5 - 5 (05/72 - 04/77)
Cyanide - .2 (04/77)
*Detroit River — Ranges 14.6—20.6 Cyanide - 0.2-13 (05/77 — 09/77)
(Detroit to Windsor) 1972-77
*Ecorse River 1973—77 Cyanide — 5-10 (11/76 - 09/77)
*Detroit River — Ranges 3.9-12.0 1972_77 Cyanide - 0.4—20 (10/72 — 09/77)
(a) Storet retrieval — Michigan Department of Natural Resources
5':
Analyses
only
for
cyanides
and
heavy
metals.
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.2
DATA ON SEDIMENT QUALITY
Heavy Metals
As in the case of Lake Erie, the recognition of mercury discharges to
the St. Clair River and the Detroit River, resulted in the initiation
of several efforts to evaluate the extent of contamination by mercury.
Many studies evaluated concentrations of several heavy metals in
addition to mercury. The results of the efforts are shown in Tables
2.2—1, 2.2—2 and 2.2—3 (9, 22, 31, 76, 79—82). Figure 2.2—1 illus—
trates the sampling sites of separate studies on the St. Clair River
and Lake St. Clair by the Ontario Ministry of the Environment, the
U.S. Depart_ ment of Interior and the Michigan Department of Natural
Resources. The Roman numerals in Figure 2.2—1 indicate four areas
designated by the Michigan DNR and the heavy metal concentrations in
the four areas are shown in Table 2.2—3. Figures 2.2—2 and 2.2—3
illustrate the extent of the U.S. Department of Interior studies on
the Detroit River.
PLUARG (9) reported in 1978 that in Lake St. Clair the mean mercury
values in sediments have decreased from 1.55 mg/kg in 1970 to 0.54
mg/kg in 1976. On the basis of Figure 2.2—4, PLUARG reported that
"Lake St. Clair is still a major source of mercury to Lake Erie, even
seven years after shutdown of the point source discharge. The sedi—
ments of Lake St. Clair, laden with mercury, are gradually being
washed out through the Detroit River and deposited in the western
basin of Lake Erie." With regard to other heavy metals, the studies
of the Detroit River sediments in 1970 by the Department of Interior
and in 1973—74 by the Environmental Control Technology Corporation
(76), are of particular interest. Eight to twenty fold increases in
concentrations of mercury, lead, zinc, nickel, chromium and copper
were observed during 1970 in sediments at the mouth of the Detroit
River (Lake Erie), when compared to the sediments at the head of the
Detroit River (see Table 2.2—1). The 1973—74 study (76) also showed
increases in the heavy metal concentrations, however, the magnitudes
of the increases were somewhat less than observed in 1970 (Table 2.1—
2). Figure 1.2—8 illustrates similar increases for lead within the
Lake St. Clair - Detroit River — Lake Erie system.
Organic Contaminants
 
Table 2.2—4 summarizes some of the available data for organic contam-
inants in sediments of the Detroit River, Lake St. Clair and St. Clair
River (42, 43, 80, 81). Comparisons of 1970 and 1974 levels of
organochlorine insecticides and PCBs in Lake St. Clair are shown in
Table 2.2—5 and Figures 2.2-5 and 2.2-6. PLUARG in its 1976 report to
the Commission (42), stated that "a statistically significant decrease
in mean concentration of DDT and metabolites of approximately 60% has
occurred between the two surveys (1970, 1974). PCBs also show a
decline of approximately 50% over the same time interval." The
decrease was ascribed to two phenomena "firstly, decrease in source
due to the 1970 ban on DDT and the voluntary restraint on PCBs use
114
requested in 1971. Secondly, the shallow water nature of Lake St.
Clair results in the resuspension of bottom sediment and movement to
the Detroit River."
The analyses of suspended solids (Table 2.2-6) from the Detroit River
showed that suspended solids derived predominantly from Lake St. Clair
were supplemented by additional sources within the Detroit River with
regard to DDT, HEOD (Dieldrin), heptachlor epoxide‘ chlordane and P035
(43). Extensive discussions on the levels of insecticides and PCBs in
Lake St. Clair are found in reference 43.
Recently published results in a PLUARG Task C report (170), indicate
the levels of pesticides which were found in streambed sediments of
Big Creek (AG—l) and Holiday Creek (AG—5). The results are shown in
the chapter of Lake Erie under Table 1.2-14.
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TABLE 2.2-1
METAL ANALYSES " SEDIMENTS FROM
ST. CLAIR RIVER, LAKE ST. CLAIR; DETROIT RIVER
NUMBER
CONCEN
TRATIO
N — pp
m dry
weight
SAMPLE SAMPLING STATION SAMPLING INFORMATION
DATE 0R DESIGNATION SITES MERCURY LEAD ZINC NICKEL ARSENIC CADMIUM CHROMIUM COPPER SOURCE
1970 St. Clair River 3 0.2—1.0 22
(See
Figure
2.2-1)
12
*
1970 Lake St. Clair
6 0.3—9.2
22
(navigation channel)
Lake St. Clair
2 1.7-2.1
(dispo
sal si
te of
dredge
d
material fro
m St. Clair
River)
Lake St. Clair 15 *
1970 Head, Detroit
River
1 <1.0
22 35 10
<30 9 9
22
1
1
6
1970 Upper Detroit River ’ 5 0.7—1.4
(upstream from Rouge River) 9 *
(See Figure 2_2_2)
1970 Rouge River
6 *
1970 Mou
th of Rouge
River
1 <1.
0
54 110
30
<30 2
6 41
22
(Detroit River)
1970 Detroit River
1 6.0
110 430 80
<30 99 7
9 22
(N. of Nicholson Dock)
'
1970 Mouth of Ecors
e Creek
1 <1.0
900 1,300 230
<30 540 29
0 22
(Detro
it Riv
er)
1970 Det
roit River
21 <0.
5-—86
~
(Trenton Cha
nnel-20 ft.
from
shore — See Figure.2.2—3
*less than "measurable
limit of 0.5 mg/kg wet
weight"
(as reported in Ref. 22)
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NUMB
ER
C 0
N C
E N
T R
A T
I 0
N —
p p
m d
r y
w e
i g
h t
SAMP
LE
SAMP
LING
STAT
ION
SAMP
LING
INFO
RMAT
ION
DATE
0R D
ESIG
NATI
ON
.
SITE
S
MERC
URY
LEAD
ZINC
NICK
EL
ARSE
NIC
CADM
IUM
CHRO
MIUM
COPP
ER
SOUR
CE
 
1970
Detr
oit
Rive
r
30
< 0.
5—26
(Trent
on Cha
nnel-£
20 ft.
from
22
sh
or
e)
1970
Lower
Detro
it Ri
ver
5
0.6—4
.4
(Excl
uding
Trent
on Ch
annel
)
23
*
22
1970
Detro
it Ri
ver,
Mouth
1
2.6
160
600
100
<30
190
140
22
1970
Lake S
t. Cla
ir
1.55
1972—76
St. Clai
r River
6
(See
Tabl
e 2
.2_2
and
Figu
re
2.2-1
)
7
9
1
1
7
—Sarnia (head of
<0.01—0.18
St. Clai
r River)
—Sarnia
0.01—112
—Corunna
<0.0l—12.2
-Courtright
0.01-7.6
-Sombra
0.13-3.4
-Port Lambton
0.02—2.7
1972-76 Chenal Ecatte
2 1.6—36.6
7
9
(See Tab
le 2_2_2
)
197
2—7
6
Lak
e S
t.
Cla
ir
A
0.0
4—4
.6
(See
Tabl
e 2.
2-2)
and
Fig
ure
2.2
-1)
7
9
 
   
1
1
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SAMPLE
DA
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SAMPLING STATION
OR DES
IGNATI
ON
NUMBER
SAMP
LING
SITES
C O N C E N T R A T I O N —
p p m
d r y
w e i
g h t
 
MERCURY
LEAD
ZINC
NICKEL
ARSENIC
CADM
IUM
CHRO
MIUM
COPP
ER
INFORMATION
SO
UR
CE
1973
1973
1973
1973
1973
1973
1973
1973
197
3-7
4
19
74
1975
1975
1976
Lak
e S
t.
Cla
ir
(see Tab
le 2.2—3
and Figure 2.2-1)
Bla
de
Riv
er
Talford Creek
Pine
River
Belle
River
St. Cl
air Ri
ver
Rouge
River
Rouge Ri
ver Can
al
St.
Clai
r R
iver
and
Detr
oit
Rive
r
(see
Tabl
e 2
.1—2
)
Lake
St.
(average)
Cla
ir
Tha
mes
Riv
er
Cli
nto
n R
ive
r
Lake
St.
(aver
age)
(als
o se
e Fi
gure
2.2
—4)
Cla
ir
28
6
0
0.62:9.96
(0.002-3.33)
.5
7
18.8
:2l.
7
(<
1-
91
)
2
6
1
7
22
16
12
15
1
15
<3—
27
140
-25
0
70:
53
(12—
228)
6
4
4
9
4
9
3
1
3
2
330
43
13—
90
210
—41
0
191
16
(l.4
-63.
2)
1
2
14
10
1
1
4
9
21
54—
110
1.1:o.5
(<1.0—2.1)
12.l+9.3
0.54
:0.5
5
_
(2.5—38.6)
(<0.
2—2.
1)
16.4:13.5
(2.0—
52.6)
1.5
16
48
1.8
11
16
1.2
11
13
1.6
6
8
5.5
78
81
1.9
14
15
(3-
217
1.7—
5.4
59—1
30
62—1
20
80
31
3
1
3
1
31
3
1
3
1
3
1
 
TABLE 2.2_2
SUMMARY OF MERCURY RESULTS ' ONTARIO MINISTRY OF THE ENVIRONMENT
SEMI—ANNUAL ASSESSMENT PROGRAM(a)
ST. CLAIR SYSTEM, 1972—1976
 
Distance
from Can.
Total Mercury Concentratlon mg/kg
Location Shore (ft.) Dec/72 May/73 Nov/73
May/74 Dec/74
May/75
Nov/75 May/76
Bedload
25
.09
.08
.11
.07
.18
.07
.02 r .03
Section
50
—
.06
.05
.16
.03
.06
.03
—
1
100
—
.07
.03
.06
.02
.12
.03
.07
150
<.01
.04
.02
.04
.02
.025
.08
.04
Sarnia 200
.03 .04 .01
.02 .03
.015 .03 .04
250
<.01
.01
.01
.03
.01
.02
— } <.01
300 <.01 .01 — <.01 .02 <.01 <.01 \.01
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Sec tion
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2
100
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300
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H
1
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\
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\
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Bedload
50
—
—
1
4
7 6
Section
100
3 0
.O
1.59
l 2
3
200
4.6
7
3.87
3.3
300 4 2
7
2 l
Corunna
400
.7
1 3
500
<.01
.05
.
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TAB
LE
2.2
-2
SUMMA
RY OF
MERCU
RY RE
SULTS
(CONTI
NUED)
  
Loca
tion
Dist
ance
from
Can.
Sho
re
(ft
.)
Total
Mercu
ry Co
ncent
ratio
n mg/
kg
 
Nov/73
May
/74
Dec
/74
May/75
Nov/75
Bed
loa
d
Sec
tio
n
4
Court-
right
50
100
200
30
0
400
50
0
60
0
w
r
—
l
 
Bed
loa
d
Sec
tio
n
5
Sombra
100
200
30
0
400
500
600
70
0
 
Bedload
Section
6
Point
Lam
bto
n
100
200
30
0
400
500
60
0
700
 
1.56
3.34
4.14
2.31
2.40
.23
-
2.26
1
1
2.49
2
3
2.32
2.
7
2.71
4
.9
1.31
1
95
1.63
1
7
.74
.
 
2.
72
1.18
.65
.40
.2
4
.09
 
2.
68
2.
31
2.
14
1.21
1.84
1.
72
1.06
.65
.34
.1
4
.1
6
 
N
H
—
1.49
1 8
2
1.41
1 4
.2
1.48
2.7
O 5
.94
.50
1 6
.39
.24
.75
.25
.13
.30
 
 
2.3
2.07
1.5
.50
.86
1.3
.83
.61
.61
.53
.43
.51
.52
.26
.34
.20
.13
.13
.092
.08
.12
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SUMMARY OF MERCURY RESULTS (CONTINUED)
 
Total Mcrrury Conventration mg/kn
 
Location
Jun/73 Nov/73 May/74 Dvc/74 1V May/75 1 Nov/75 MnV/76
Station
23.9 1.8 1.39 1.6 2.0 ‘ 1.7
1.9
200(69)
I
Chenal Ecarte
‘
  
V
\
a
‘
L
n
Station 205(74)
36.6
1.6
2.51
3.3
l.
Chenal Ecarte
1
2
1
Station 91
0.32 0.23 1.21 0.18 0.10 i (Ll$
Lake St. Clair
Station 402
0.12
0.04
0.07
-
0.82
Lake St. Clair
0.03 l 0.01.
 
Station 110
2.46 2.5 3.45 2.0 2.0
Lake St. Clair
1.49 2.2
Station 163
2.98 —
1.73 1.2 4.6 0.48 0.72
Lake St. Clair
          
(a) See Figure 2.2—1 for approximate sampling site locations.
 
  
Table 2.2—3 Mean heavy metal concentrations in the surface sediments of Lake
St. Clair, August 13—16, 1973. A11 concentrations, except for
oils (percent), presented on dry weight basis in mg/kg : one
standard deviation.
Parameter
Area(a) Cd Pb Ni Zn
I 0.34 i, 0.25 20.59 i 13.95 16.1 i 7.7 58.0 i 26.2
II 1.02 i 0.62 15.43 i. 1.32 14.9 :_ 4.7 80.8 i 52.8
III 0.39 :_ 0.26 4.97 :_ 6.56 5.8 :_ 4.2 32.4 i 23.7
IV 0.97 i 0.90 32.42 :_38.19 42.5 i 14.4 132.7 : 65.8
Range_ <0.2 — 2.1 <1.0 91.2 1.4 — 63.2 12.2 —228.1
Lake X 0.54 i_ 0.55 18.79 : 21.67 19.2 i 15.8 69.6 + 52.8
Cu Cr As Se
I 18.26 : 10.98 10.46 i. 4.58 1.3 :_0.5 <1.0 i_0.0
II 16.89 i. 9.54 8.50 i 1.36 1.3 :_0.8 <1.0 : 0.0
III 10.58 : 14.60 4.63 i 1.85 0.8 i_0.4 <1.0 : 0.0
IV 25.53 1 18.47 25.46 i. 9.54 1.0 i 0.4 <1.0 : 0.0
Range_ 2.0 — 52.6 2.5 — 38.6 <l.0 — 2.1 <1.0
Lake X 16.41 :_13.46 12 14.: 9.26 1.1 :_0.5 <1.0
Hg TKN Oils (1)
I 1.087 1 1.294 854.9 :_433.6 0.41 i 1.14
II 0.359 i 0.263 806.2 i_299.8 0.11 i 0.09
III 0.165 i 0.170 280.9 :_l95.6 0.02 i 0.01
IV 0.317 t 0.251 1056.6 :_303.7 0.11 i_0.07
Range_
0.02 - 3.33
129.9 - 1539
-
Lake X 0.623 :_0.955 747.3 1 442.5 0.22_: 0.75
(a)
See
Figure
2.2-1
for
allocation
of
areas.
Data supplied by Michigan Department of Natural Resources
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 TABLE 2.2-4
ORGANIC ANALYSES - SEDIMENTS FROM
ST. CLAIR RIVER; LAKE ST. CLAIR, DETROIT RIVER
DATE STUDY AND RESULTS REFERENCE
1973 Ontario Ministry of the Environment 9-Study 81
at the Mouth of the Thames River. (Lake St.
Clair)
p,p DDD - 0 — 5 ppb (6 samples)
PCB - 0 - 50 ppb (6 samples)
1970 - Organochlorine Insecticides and PCBs in 42,43
1974 Sediments of Lake St. Clair. See Table
2.2-5, and Figures 2.2—5 and 2.2—6.
1974 Residues in suspended solids taken from the 43
Detroit River in 1974. See Table 2.2-6
1975 State of Michigan — Lake St. Clair Study 80
 
PCB — 4 stations near Clinton Spillway mouth
contained between 0.5 — 1.1 mg/kg PCB
- 24 other stations were below detention
limit of 0.05 mg/kg
DEHP (phthalates) - 3 stations near Clinton
Spillway mouth and one station near
the shipping channel contained between
3.84 — 5.26 mg/kg phthalates.
- 24 other stations were below the
detection limit of 1.0 mg/kg.
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Table 2.2-5
Comparative mean values for organochlorine insecticides and PCB in Lake St. Clair
Sediments
(1970
and
1974)
(Ref.
42
and
43)
Year
p,p'DDE
p,p'TDE
o,p'DDT
p,p'DDT
ZDDT
HEOD
Endosulfan
PCB
6.6
—
—
—
9
0.6
ND
ND
7
22.7
100 24 20
1970
mean
(50 *
SD
(Ppb)
(ppb)
2
1
samples) Min
(FWD)
0.
8
0
<0.1
0.9
1
9
Max
(ppb)
Presence (Z)
10
Limits of
Detection
3 6
2
2
0.4 ND ND
8 5 1.5 6.6
0
6
46
0.5
1974 mean
2.4
ND
ND
(54 * SD (ppb)
.
-
-
samples) Min (Ppb) ND ND ND ND ND ND ND ND
ND
ND
0 0
(ppb)
0.
.5
ND
0.
0 6 0
Max (ppb) 2.7
11.2
Presence
(Z)
Limits of
Detection
0.2
Significant at 0.01
level (t test)
6.1*
5.5*
-
3.7*
—
-
-
6.0
No heptachlor or heptachlor epoxide (<O.2 1970 and <0.l ppb 1974), chlordane (2 ppb 1970 and 1 ppb 1974), endrin
(<0.8 1970 and <0.4 ppb 1974), methoxychlor (<2.0 1970 and <l.0 ppb 1974), were detected to the limits of detection.
Twenty major organophosphorus insecticides were not detected to a limit of 5 ppb diazinon, 10 ppb parathion, 15 ppb
ethion and 500 ppb azinphosmethyl or similar level for the respective compound based on comparative sensitivity to
GLC — flame photometric detection.
* 4 km sample grid
  
  
X DDT (DDb)
<2
Distribution ofllDDT in freeze-dried sediments from Lake St. Clair; I970 and 1974(0—2 cm).
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E <5
5—10
:3 10—20
- 2o~3o
- >30
Dist
ribu
tion
of P
CBs
in fr
eeze
-dri
ed s
edim
ents
from
Lake
St. C
lair
; “N
O-a
nd
1974
(0—2
cm).
1974
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Table 2.2-6
 
Residues in suspended solids taken from the Detroit River in 1974
(Ref. 43)
Conta
minan
t
Constant ppb Dry
Weight Basis
 
Mean
Range
Std. Dev.
o,p
'DD
E
p,p
'DD
E
p,p'TDE
o,p'DDT
p,p
'DD
T
ZDDT
HEOD
Hept. Epoxide
Organo
phosph
orus
PCB
a & Y
Chlord
ane
<0.12
<0.1
0.2
—
5.4
2.0 —
12.0
3.9
5.2
3.1 —
10.0
3.2
3.2
0.9
6.1
1.8
4.6
2.1
7.1
2.3
18.5
10.0
— 27.
0
7.6
3.6
1.9
5.1
1.1
0.6
ND
2.0
—
N01
ND
—
72
30
— 10
0
28
<0.22 <0.2 —
I
 
1ND - not
detected
2Mean of parameter at detection limit; no SD given.
 
2.3
2.4
 
DATA
ON
AIR
QUALITY
AND
PRECIPITATION
An International Michigan-Ontario Air Pollution Board was
established on February 3, 1976 pursuant to a reference from
the governments of the United States and Canada to the
International Joint Commission to examine into and report
upon the state of air quality in the Detroit—Windsor and
Sarnia—Port Huron areas on a continuing basis. Two annual
reports of the Board (83, 84) were published, describing
the air quality status and trends in the above noted areas.
Substances monitored include: suspended particulates, sulfur
dioxide, carbon monoxide, nitrogen dioxide, ozone and
"hydrocarbons." Details of the monitoring efforts are not
included within this report because the substances are
currently not of direct relevance to this report.
Some detailed studies of air and precipitation in the Lake
St. Clair Basin were recently completed. Table 2.3-1 outlines
the levels of PAHs which were detected in air in the vicinity
of Sarnia, Ontario (167). PLUARG studies (170, 172) have
provided information on pesticide, metal and PCB levels in
rainwater. The results are shown in tables 1.3-3 to 1.3-5,
where AG-l and AG—5 denote Lake St. Clair watersheds.
DATA ON MUNICIPAL AND INDUSTRIAL DISCHARGES AND SLUDGES
The results of analyses in 1973 and 1975 of influents to, and
effluents from, the Detroit Wastewater Treatment Plant are
shown in Tables 2.4—1, 2.4—2 and 2.4—3 (85). As observed in
the Lake Erie municipal effluent analyses, the predominant
contaminants were phthalate esters and to some extent, Arochlor
1254. Levels of the phthalate esters were lower in 1975, than
in 1973. Metal loadings from the Detroit plant in 1975 are
highly significant. For example, an average chromium
concentration of 160 ppb would result in a discharge of
approximately 580 kgs/day chromium: 300 ppb nickel would
imply a discharge of approximately 1080 kgs/day nickel.
Analyses of sludges and fly ash from the Detroit WWTP are
summarized in Tables 2.4—1 and 2.4—4 (85). Mean levels of
organochlorine pesticides in digested chemical sludges from Point
Edward and Sarnia, Ontario are also summarized in Table 2.4—4
(86). The Ontario data was retrieved from an extensive report by
Jones and Lee on municipal wastewater effluents and sludges (87).
Extensive analyses were made of various industrial discharges
to the St. Clair River, by the Ontario Ministry of the
Environment (88), and the results are shown in Table 2.4-5.
It is understood analyses of sediments in the vicinity of the
discharge areas are underway, however, the investigation
has not been completed at the time of preparing this report.
Table 2.4-6 shows the results of a study to evaluate the release
of PCBs and polychlorinated triphenyls on the vicinity of an
investment casting facility in suburban Detroit (89).
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TABLE 2.3—1
COMPARATIVE SEASONAL CONCENTRATION LEVELS OF PAH’S IN AIR OF ONTARIO CITIES
APRIL 1975-MARCH 1976
LOCATION: SOUTHERN SARNIA; SITE No. 14061
A ril-June 1975
Julx—SeEt. 1975
0Ct.-Dec. 1975
Jan.—March 1976
3
3
3
3
 
ng/1000 m
ug/g
ng/lOOO m
ug/g
ng/lOOO m
ug/g ng/lOOO m
ug/g
9c * >'<
Air
p.m.
Air
p.m.
Air
p.m.
Air
p.m.
¥
1
3
3
  
Benzo(a)pyrene
338
Benzo(e)pyrene
118
Benzo(b)fluoranthene
371
Benzo(k)f1uoranthene
. 81
Perylene
27
Dibenz(def,mno)chrysene
23
Benzo(ghi)pery1ene
1038
Naptho(l,2,3,4,def)chrysene
823
Benzo(rst)pentaphene
422
Dibenzo(b,def)chrysene
508
114
5
2
243
70
13
59
6
603
93
8
439
8
7
44
2700
43
4
69
213
v
—
l
190
64
2
8
9
104
1
9
H
H
H
O
Q
O
W
N
M
O
N
Q
O
‘
.
-
N
I
—
l
L
ﬁ
r
-
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O
O
N
r
—
{
O
v
—
i
N
0
0
H
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v
a
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i
O
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r
-
r
-
I
‘
C
D
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Q
'
1158
129
2
3
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r
—
l
1049
61
1
5
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O
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\
W
O
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O
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Q
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N
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O
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O
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*Particulate matter
 
TABLE Zlkl
SAMPLE ANALYSIS RESULTS (Ref.85)
DETROIT
WASTEWATER TREATMENT PLANT
OCTOBER, 1973
 
RAw
WAS
TE
EFF
LUE
NT
SLU
DGE
PAR
AME
TER
(ug
/L)
(lb
s/d
ag)
(pg
/L)
(lb
s/d
ay)
(mg
/kg
)
DRY
% R
EMO
VAL
Aro
chl
or
122
1
<.0
01
<.0
05
<.0
01
<.0
05
<.0
01
.001
<.001
/
\
Aro
chl
or
123
2
<.0
01
<.0
05
<.0
01
<.0
05
<.0
01
<.001
<.001
Aro
chl
or
124
2
<.0
01
<.0
05
<.0
01
<.0
05
4.2
5.3
8.0
Aro
chl
or
124
8
<.0
01
<.0
05
<.0
01
<.0
05
<.0
01
<.001
<.001
Aro
chl
or
125
4
.00
6
.03
3.
u N
|
—
-
O
o
n
O
N
99.7
N O
Aro
chl
or
126
0
<.0
01
<.0
05
<.0
01
<.0
05
<.0
01
<.001
<.001
Aro
chl
or
126
2
<.0
01
<.0
05
<.0
01
<.0
05
<.0
01
<.001
<.001
Ar
oc
hl
or
126
8
<.
00
1
<.
00
5
<.
00
1
<.
00
5
<.
00
1
<.001
<.001
Lin
dan
e
0.0
30
.15
0.0
03
.01
5
0.0
02
90
0.003
0.010
 
Hep
tac
hlo
r
0.0
35
.17
<.0
01
<.0
05
<.0
01
>97
0.013
<.001
Ald
rin
0.1
60
.78
0.0
20
.10
/
\
.001 88
.026
.051C
O
Hep
tac
hlo
r
epo
xid
e
<
001
<.0
05
0.0
06
.03
< 0
01
.013
.030C
O
Die
ldr
in
0.1
53
.75
0.0
52
.25
0.0
04
66
0.013
0.005
En
dr
in
0.
05
7
.28
0.
05
4
.26
0.
00
4
5.3
0.007
0.003
0,
p-
DD
T
<.
00
1
<.
00
5
<.
00
1
<.
00
5
<.
00
1
<.001
0.006
/
\
.001
P,
P-
DD
T
<.
00
1
<.
00
5
<.
00
1
<.
00
5
.
.0
10
O
TABLE 2.4—1 (CONT’D)
SAMPLE ANALYSIS RESULTS
DETROIT
WASTEWATER TREATMENT PLANT
OCTOBER, 1973
 
RAW WASTE EFFLUENT SLUDCE
PARAMETER (lbs/ilav) (pg/L) (lbs/day) (mg/kg) DRY W
o,p—DDD <.001 (.005 .005 .024 <.001
.001
< .001
p,p—DDD <.001 <.005 <.001 <.005 .008
.016
.041
o,p—DDE <.001 <.OOS .004 .020 .002
.001
.006
p,p-DDE .15 .73 .030 .15 .008 80
.027
.039
Methoxychlor .16 .78 .040 .20 <.001 75
<.001
< .001
Di-N-Butyl phtha1ate 1:30 2100 350 1700 17 19
35
25
Di—2—ethy1 phthalate 560 2700 330 1600 37 41
1'4
49
Chlordane < .001 < .005 .060 .25 .010
< .001
<.001
1
3
6
PARAMETER
Inf.#1
TABLE 2.4-2
ORGANIC CONTAMINANT CONCENTRATIONS (UgﬂJ
DETROIT WASTEWATER TREATMENT PLANT - 1975
May 28
Inf.#2
Effluent
R
e
f
.
85
Inf.#1
May 29
Inf.#2 Effluent
I
n
f
.
#
1
 
M
a
y
3
0
Inf.#2
Effluent
 
A
r
o
c
l
o
r
Aroclor
Aroclor
Aroclor
Aroclor
Treflan
1221
1242
1248
1254
1260
(Trifluralin)
Hexachlorobenzene
B—BHC
Zytron (
Isodrin
Mirex
o,p—DDE
p,p-DDE
OaP-DDD
o,p-DDT
p,p-
DDD
p,p-
DDT
CAS 2
99-85
4)
Methoxychlor
Di—N—butyl
Phthalate
Dieldrin
End
rin
Lindane
Aldrin
Chlo
rdan
e
Diethylhexylphthalate
Heptachlor
epoxide
<0.05
2.5
<0.
05
<0.05
0.
87
<0.
002
<0.
002
<0.005
0.0
61
<0.
003
<0.005
<0.003
<0.003
<0.003
<
0
.
0
0
3
<0.003
<0.003
0.93
7.6
<0.003
0.
32
0.019
<0.
002
0.0
38
2
3
<0.
002
<0.
05
<0.05
<0.05
0
.
4
8
<0.05
<0.
002
<0.
002
<0.005
<0
.0
03
<0.003
<0.005
<0.003
<0.003
<0.
003
<
0
.
0
0
3
<0.003
<0.003
0.69
8.5
<0.
003
0.
18
0.015
<0.
002
<0.
002
35
<0.002
<0.05
1.0
<0.05
<0.05
0.46
<0.002
<0.
002
<0.005
<0.005
<0.005
<0.
005
<0.003
<0.
003
<0.
003
<
0
.
0
0
3
<0.003
<0.003
0.25
1.4
<0.003
0.
11
0.005
<0
.0
02
<0.
002
30
<0.
002
<0.05
<0.05
<0.05
<0.05
4.8
<0.
002
<0.002
<0.005
<0.003
<0.003
<0.
005
<0.003
<0.003
<0.003
<0.003
0.0
26
0.
44
<0.
01
8.2
0.0
27.
0.
14
<0.
002
<0.
002
<0.
002
11
<0
.0
02
<0.05
<0.05
<0.05
<0.05
3.
2
<0.
002
<0.
002
<0.005
<0.003
<0.003
<0.005
<0.
003
<0.003
0.010
<0.003
0.140
<0.003
<0.
01
3.6
<0.003
0.
34
<0.
002
<0.
002
0.0
75
3
2
<0.002
<0.
05
2.5
<0.05
<0.05
0.
84
<0.
002
<0.
002
<0.005
<0.003
<0.003
<0.005
<
0
.
0
0
3
<0.
003
<0.003
<0.003
0.0
42
<0.
003
1.6
48
<0.003
0.16
<0.
002
<0.
002
<0.
002
l
3
<0.002
<0.05
<0.05
<0.05
<0.05
<0.05
<0.002
<0.
002
<0.005
0.0
97
<0.003
<0.005
<0.003
<0.003
<0.003
<0.003
0.0
36
<0.003
0.
57
2
5
<0.003
0.13
<0.
002
<0.
002
<0.
002
10
<0.
002
<0.05
€0.05
<0.05
<0.05
4.5
<0.002
<0.002
<0.005
<0.005
<0.003
<0.005
<
0
.
0
0
3
<0.003
<0.003
<0.003
0.25
<0.
003
9.
4
3.5
<0.003
0.39
<0.002
<0.
002
0.044
2
6
<0.002
<0.
05
<0.05
<0.05
<0.05
0.
77
<0.
002
<0.002
<0.005
<0.003
<0.003
<0.005
<0.003
<0.003
<0.003
<0.003
0.0
54
<0.003
0.88
5.7
<0.003
0.
24
0.0
54
<0.
002
<0.
002
2
5
<0.002
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TABLE 2.4—3
EFFLUENT ANALYSES - DETROIT WASTEWATER
TREATMENT PLANT(Ref.85)
 
Concentration (ug/L) - effluent
 
2 Average
Date Location Flow (MGD) Cd Cr Cu Pb As Ni Se Zn Hg
5/29/75 Detroit 950 16 160 150 110 7 300 <5 470 0.2
5/30/75 Detroit 950 35 160 120 120 7 330 <5 450 0.2
11/18/75 Detroit 950 16 146 97 76 3 290 <5 316 1.0
11/19/75 Detroit 950 18 230 131 100 4 340 <5 445 0.7
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 TABLE 2.4—4
SEWAGE SLUDGE AND FLY ASH ANALYSES
(Ref. 85, 87 and 166)
  
1973—74
7 7 Point
Detroit WWTP—MAY 1975 Edward WWTP Sarnia WWTP
SLUDGE FLY ASH SLUDGE SLUDGE
PARAMETER mg/kg mg/kg ug/L Ug/L
Cadmium 55—64 51
Chromium 1500—1700 2000
Cobalt 28 38
Copper 900-1200 1500
Lead 1300—1400 1700
Nickel 1200—1300 1600
Selenium < 40 < 40
Zinc 3100—3400 3600
Arsenic 11-13 9 I
Ug/kg Ug/kg
Lindane < 2 < 4 l. 2 3. 2
Heptachlor < 5 < 5 2.3 15.0
Aldrin < 2—12 < 2 1.1 9.4
Heptachlor epoxide < 2 < 2 l. 8 6. 8
Dieldrin < 2 < 2 l. 7 3. 2
Endrin < 2 < 3
Methoxychlor 1900-2600 < 10
Chlordane < 2—15 < 2 23.9 29.9
Aroclor 1221 <100 <l00
Aroclor 1242 600—1000 <100
Aroclor 1248 <lOO <100
Aroclor 1254 400—590 <100 108 l , 122
Aroclor 1260 <100 <lOO
Endosulfan < 5 < 5
Tedion < 10 < 10
Treflan < 2 < 2
Hexachlobenzene < 2—5 < 2
BBC < 5 < 5
Aldrin < 2—12 < 2
Diethylhexylphthalate 320-4900 22
Zytron < 5 < 5
Isodrin < 3 < 3
o,p—DDE < 3—20 < 3
p,p—DDE < 3 < 3 3.7 20.8
o ,p—DDD < 3 < 3
o , p—DDT < 3 < 3 4 . l 5 .
p,p-DDD < 3-32 < 3 .0 6.4
p,p—DDT 10-72 < 3 0.8 2.7
Di-N-butyl Phthalate 180-250 19
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TABLE 2.4—5
ORGANIC COMPOUNDS IDENTIFIED IN INDUSTRIAL EFFLUENTS
WWW
ONTARIO MINISTRY OF THE ENVIRONMENT
GrouE A) Organohalides.
Compound. No. of Sites Found.
Ethyl Chloride
Vlnyl chloride
Vinyl bromide
Chloro—propene
Dichloromethane
Dichloroethane
Dichloroethylene
Dichloropropane
Dichloropropene
Bromochloroethane
Dichlorobutadiene
Dibromomethane
Chloroform (trichloromethane)
Trichloroethylene
Trichloropropane
Tribromomethane (bromoform)
Carbon tetrachloride
Tetrachloroethane
Tetrachloroethylene
Hexachloroethane
Bis—Z—chloroethyl ether
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H
Group B) Aromatic Hydrocarbons.
 
Benzene
Toluene
Xylenes
Propylbenzene
Diethyl benzene
Propyl toluene
Cumene
Styrene
Naphthalene
Methylnaphthalene
6—Methyl—l,2—dihydronaphthalene
Benzocyclobutene or phenylacetylene
p
—
I
w
a
H
r
—
w
—
w
—
w
—
‘
o
o
u
w
Group C) Ethers, Alcohols, Carbony Compounds.
0
‘
Diethyl ether
Formaldehyde
Propanol
tert. Butanol
Decanols, etc.
Octadecanol
But-Z-en-l-ol
Acetone
Methyl ethyl ketone
H
N
I
—
‘
r
—
I
m
r
—
M
—
w
—
a
y
—
a
Group D) Aliphatic Hydrocarbons, Alkenes, Acetylenes.
Cyclohexane
Butadiene
Buten-B-yne
Long chain alAGUes
«
L
‘
D
—
‘
H
N
groug E) Other.
N—(3,4-dichlorophenyl)—N', N'-diethylurea
Carbon disulphide
H
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TABLE 2.4-5
MICHIGAN
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 2.5 DATA ON BENTHOS AND PLANKTON
2.
2.
6
7
During preparation of this report, no data was found on contaminant
levels in benthos and plankton from the Detroit and St. Clair Rivers
and Lake St. Clair.
DATA ON FISH CONTAMINANTS
Trends of mercury concentrations in Lake St. Clair fish, have been
evaluated by the U.S. Fish and Wildlife Service (90) (Table 2.6—1) and
the Ontario Ministry of the Environment (91) (Table 2.6—2). Mean
concentrations of mercury in fishes from Lake St. Clair decreased
rapidly within 3—4 years of the reduction of mercury discharges.
However, insignificant changes in the fish tissue levelshave occurred
from 1975 to 1977. Detailed analyses for the year 1976 are outlined
in Table 2.6—3.
Tables 2.6—4 to 2.6-7 illustrate the concentrations of pesticides and
PCBs which have been found in Lake St. Clair fish. (73, 92, 93)
In May 1978, Hallett et a1. (94) reported the identification and
quantification of several PAHs in carp and pike taken from the con—
fluence of the Rouge and Detroit Rivers at Detroit, Michigan. Twenty—
four compounds, which are listed in Table 2.6—8, were identified in
Detroit River pike. Quantitation data for four compounds is shown in
Table 2.6—9.
Recently Veith and Kuehl (95) have identified the presence of hexa—
chlorobenzene, octachlorostyrene, cis—chlordane, trans—nonachlor and
high concentrations of pentachloroanisole in fish from the Detroit
River.
A PLUARG Task Group D report (171) gives the concentrations of
various organochlorine and heavy metal residues in shiners from
the Thames River. The results are shown in Tables 1.6—11 to
1.6—14 within the "Lake Erie" chapter.
DATA ON WILDLIFE
No data on residues in wildlife within the Detroit River, Lake St.
Clair and St. Clair River system were obtained.
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2.6—1
fishes collected in the fall of the year.
Spe
cie
s
Ave
rag
e
Ave
rag
e
Tot
al
and Number length weight Mercury
Year of fish (mm) (g) ppml/
Walleye
197
0
56
506
121
4
2‘8
3 (
0'3
7)
197
2
68
445
831
1.3
8 (
0.16
)
1973 77 485 1105 1.18 (0.10)
1974 60 501 1174 1.07 (0.10)
1975 99 497 1128 1.03 (0.10)
1976 30 497 1271 0.78 (0.20)
Rock Bass
1970 45 185 164 1.24 (0.27)
1972 40 174 121 0.49 (0.08)
1973 36 178 126 0.37 (0.07)
1974 50 209 211 0.37 (0.06)
Yellow Perch
1970 45 198 106 1.22 (0.17)
1973 45 191 91 0.31 (0.08)
1974 43 228 158 0.28 (0.04)
Channel catfish
1970 15 538 1867 1.62 (0.45)
19723/ 9 363 519 0.37 (0.19)
19733] 8 461’ 1023 0.35 (0.08)
1974g/ 20 490 1135 0.35 (0.04)
1/
—-Concentrations expressed as elemental mercury in wet weight
tissue with 95% confidence interval in parentheses
g/Whole fish.
Source:
U.S. Fish and Wildlife Service
Great Lakes Fishery Laboratory
TABLE 2.6—2
Mean concentrations (pg/g, fillets) of mercury in
Lake St. Clair fishes (Ontario Ministry of Environment data).
 
Species
1970
1971
1972
1973
1974
1975
1976
1977
Walleye
2.3
1.8
1.4
1.1
1.2
0.8
0.9
1.0
Northern Pike
4.4
4.9
4.4
2.7
2.5
1.8
1.6
1.9
I
Channel Catfish
1.4
1.7
1.3
1.0
0.9
0.7
0.8
0.4
‘
White Bass
2.2
2.4
1.9
1.2
0.8
0.7
0.9
0.8
Bluegill
2.2
1.7
1.2
0.9
0.8
0.7
0.6
—
Rock Bass
—
4.1
2.2
1.1
1.1
0.8
1.1
0.8
Carp
—
1.6
1.1
0.9
0.7
0.6
0.8
0.6
Yellow Perch
—
—
—
0.6
0.4
0.6
1.0
.5
TABLE 2.6—3
MERCURY ANALYSES - LAKE ST. CLAIR FISH TISSUE
LAKE ST. CLAIR MERCURY DATA SUMMARY - 1976
ONTARIO MINISTRY OF THE ENVIRONMENT
ug/g
SPECIES
N
MEAN
MAX
MIN
STD. DEV.
MEAN WT.(gm)
22.5pg/g
Walleye
246
0.93
3.00
0.11
0.612
1270
66.3
R. Bass
80
1.09
3.40
0.17
0.533
213
87.5
W. Bass
62
0.91
2.03
0.10
0.486
618
77.4
Y. Perch
14
0.98
2.86
0.11
0.824
152
71.4
S.M. Bass
28
1.19
3.67
0.24
0.776
790
92.9
W. Sucker
23
0.83
1.90
0.06
0.558
1065
69.6
Carp
104
0.79
1.50
0.16
0.320
3440
76.0
C. Catfish
56
0.77
1.89
0.35
0.300
2200
82.1
Pike
50
1.64
3.80
0.20
0.819
2370
92.0
Muskie
4
0.79
1.80
0.24
0.693
4630
50.0
L.M. Bass
16
1.34
2.10
0.89
0.405
590
100.0
E. Crappie
48
0.69
2.00
0.22
0.417
253
62.5
P'Seed
4
0.57
0.77
0.35
0.183
175
75.0
Bluegill 7 0.63 0.80 0.47 0.139 198 71.4
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NO. AVE WT or HEPTACHLOR CHLOR- INFORMATION
YEAR LOCATION
SPECIES SAMPLES LE
NGTH Z LIPIDS X
DDT EPOXIDE
DIELDRIN ENDRIN DA
NE PCB SO
URCE
1970-
75
Lake
Table
s
,/
92
2.6—5
St. Clair
2.6—6
1972 S
t. Clair
Tables 2.
River 2 .
1975
Trembl
ay
Minnow
s
100
0.61
92
Creek
(0.1-1.0
)
6~6
/
92
6—7
1975
Tremblay
Spottail
A 65
:5mm
3.4i1.9
0.08:0.0
5 0
.002j9.0
01
ND
ND
ND 0
.28jp.21
73
Creek
Shine
rs
1
4
4
1976
Lake
S.M. B
ass
6
2.45
0.76
0.09
2.1
St. Cl
air
(1.2—3.
6)
(0.1-1.
2)
(0.03-
0.14)
(0.4—3
.1)
93
1976
Mitche
ll's
Y.
10
3.8
0.18
0.004
0.7
Bay
Walley
e
(1.6-7.
2)
(0.005
—0.42)
(0.01-
0.15)
(0.3—2
.0)
93
1977
Detroi
t
Carp
10
94
River
(See Tables
2.6—8, 2.6—9)
Pike
10
 
TABLE 2.6—5
 
SOURCE: Lake St. Clair (Ref. 92)
WEIGHT
NUMBER IN KG PCB LEVEL PCB LEVEL
FISH OF RANGE OR IN ppm IN ppm
DATE SPECIES FISH (AVERAGE) MEAN RANGE
1970 Large Mouth Bass 6 (0.56) 1.3 -
Mooneye 12 (0.31) 1.9 -
Yellow Perch 3 (0.11) 0.12 ~
Quillback Sucker 6 (1.32) 0.31 -
Redhorse Sucker 8 (0.93) 0.01 -
White Sucker 10 (1.30) 0.29 -
1971 Large Mouth Bass 5 (0.63) 0.83 -
Rock Bass 10 (0.23) 0.10 -
Carp 8 (3.68) 0.72 -
Catfish 6 (2.02) 2.3 -
Black Crappie 13 (0.20) 0.07 -
Long—nose Gar 12 (0.72) 1.5 -
Yellow Perch 11 (0.06) 0.11 -
Quillback Sucker 9 (1.24) 0.18 -
Redhorse Sucker 8 (0.70) 0.19 -
Pickerel 10 (0.59) 0.10 -
Pickerel 46 0.15 — 2.4 0.83 0.25 — 3.1
1972 Coho Salmon 1 — 2.7 -
Perch 24 0.07 — 0.16 0.14 0.07 — 0.25
     
Levels are generally similar to those for Lake Huron. Pickerel levels run as high as 3.1 ppm,
but average less than 1. One Coho salmon had a level of 2.7 ppm.
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TABLE 2. 6-6
(Ref. 92)
HEW
PCB Concentration
No. of Mean Wt. (ppm)
Year Species Looation Samples (grams) mean max. min.
1970 Largemouth Bass Lake St. Clair 6 564 1.3
Yellow Perch 3 108 0.12
Quillback Sucker 6 1319 0.31
Rednose Sucker 8 928 0.01
White Sucker 10 1298 0.29
Mooneye 12 306 1.9
1971 Walleye Lake St. Clair 10 591 0.10
Largemouth Bass 5 632 0.83
Rock Bass 10 230 0.10
Yellow Perch 11 59 0.11
Quillback Sucker 9 1244 0.18
Rednose Sucker 8 698 0.19
Bluegill 25 172 0.06
Bowfin 10 1367 0.05
Brown Bullhead 12 427 0.11
Black Crappie 13 199 0.07
Carp 8 3676 0.72
Catfish 6 2016 2.3
Freshwater-Drum 12 519 0.17
Longnose Car 12 723 1.5
Pumpkinseed Sunfish 22 104 0.11
1971 Walleye 46 0.83 3.0 0.25
1972 Coho Salmon St. Clair River 4 120 2.9 4.7 1.4
Rainbow Trout 2 490 2.9 3.8 1.9
“ Yellow Walleye 1 594 0.16
Smallmouth Bass 3 493 0.30 0.52 0.10
White Bass 5 500 7.6 12 4.3
Perch 12 130 0.16 0.22 0.08
Pike 11 190 2.2 6.8 0.11
N. Rednose Sucker 4 898 0.74 1.3 0.34
White Sucker 20 881 1.2 2.8 0.14
1972
Perc
h
Lake
St.
Clai
r
24
107
O 14
0.25
0 07
1972 Coho Salmon Lake St. Clair 1 2.7
1973 Rainbow Trout Lake St. Clair 1 2724 1.0
1975
Minn
ow
Trem
blay
Cree
k
100
0.61
1.0
0.1
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TABLE 2.6—7
PCBS
IN TISSUE OF
FISH FROM THE
ST. CLAIR RIVER
 
(Ref. 92)
WEIGHT
NUMBER IN KG PCB LEVEL PCB LEVEL
FISH OF RANGE OR IN ppm IN ppm
DATE
SPEC
IES
FISH
(AVE
RAGE
)
MEAN
RANG
E
1972
Redho
rse
Sucke
r
4
0.71
— 1.1
0.74
0.34
— 1.3
Common White
Sucker 20 0.42 — 1.2 1.2 0.14 — 2.8
Small Mouth Bass 3 0.29 — 0.60 0.30 0.10 — 0.52
Pickerel l 0.59 0.17 -
Coho Salmon 4 0.89 — 1.2 2.9 1.4 - 4.7
White Bass 5 0.33 — 0.67 7.6 4.3 - 12.
Pike
11
0.96
— 3.
0
2.2
0.11
— 6.
8
Rainbow Trout 2 0.42 - 0.56 2 9 1.9 — 3.8
Perch 12 0.06 — 0.15 0.16 0.06 -0.24
PCB levels in St. Clair River fish are somewhat elevated in comparison with those from
Lakes Huron and St. Clair.
industrial and municipal effluents.
some concern .
This is possibly attributable to exposure to PCBs from
Only Pike and Bass show levels at or above the
acceptable limit, but other species — Coho salmon and Rainbow trout — have levels of
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TABLE 2.6-8
(Ref. 94)
POLYNUCLEAR AROMATIC HYDROCARBONS IN
GREAT LAKES FISH IDENTIFIED BY MASS SPECTROMETRY
  
Hamilton Harbor Detroit River
PAH
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x
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x
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x
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Oth
er
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pou
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d
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e
4 m
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yl
bip
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yl,
3,
6
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nan
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,
9,
10
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e,
l-m
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yl
pyr
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,
l,
1
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zo—
(e)
—py
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e,9
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10
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(g, h, i)—pery1ene, picene, and dibenz pyrenes.
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 TABLE 2.6—9
(Ref. 94)
QUANTITATION
OF
PAH
IN
GREAT
LAKES
FISH
FLUORESCENCE
DETECTION
USING
LIQUID
CHROMATOGRAPHY
Polynuclear
Aromatic
Hydrocarbons
ng/kg
Fish fresh weight fillet
Detroit Carp
Perylene
Benzo—(k)—fluoranthene
Benzo—(a)pyrene
Coronene
1
16
10
4O
80
2
nd
nd
nd
60
3
40
14
40
nd
4
26
10
4O
4O
5 nd nd nd nd
6
nd
'
nd
nd
nd
7
nd
nd
nd
120
8
nd
nd
nd
80
9 nd nd nd nd
10 nd nd nd nd
Detroit Pike
1 34 26 40 20
2 20 14 14 40
3 18 8 20 44
4 20 8 20 44
5 68 26 * 128 290
6 18 10 24 4O
7 20 6 3O 30
8 nd nd I nd nd
9 46 24 70 120
10 52 26 100 120
nd = non detectable
detection limits: 5 ng/kg perylene, benzo—(k)-fluoranthene, benzo—(a)—pyrene
20 ng/kg coronene
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The Upper Lakes Reference Group (ULRG) report to the International Joint
Commission, entitled "The Waters of Lake Huron and Lake Superior — Volume
II — Lake Huron, Georgian Bay and the North Channel," provides a compre‘
hensive description of the chemical and biological quality of the Lake
Huron Basin (96). Most of the data in this Chapter is obtained from the
above noted report.
3.1 DATA ON WATER QUALITY
Heavy Metals
Table 3.1—1 and Figures 3.1—1 to 3.1—5 summarize data on heavy metal
concentrations in the nearshore and open waters of Lake Huron,
Georgian Bay and the North Channel. The average distributions of
mercury in surface and bottom waters of Lake Huron in 1970-1971 are
shown in Figures 3.1—1 and 3.1-2. Chan and Saitoh (4) attributed
the area of "high mercury stretching from the southern tip of Lake
Huron to the inputs from industrial sources in Saginaw Bay and near
Sarnia." Trace metal concentration levels in filtered waters shown
in Figures 3.1—3 to 3.1—5 were obtained from the ULRG report (96).
The results in Table 3.1—1 of nearshore water quality were obtained
from the Michigan Department of Natural Resources (97, 98).
Saginaw Bay, described by the ULRG "as a nearshore area heavily
influenced by human activity," was closely studied by the Reference
Group. Most of the available criteria for heavy metals appear to
be met (Table 3.1—2). The Reference Group also noted that "there is
insufficient data for trend detection for heavy metals" in Saginaw
Bay.
Ranges of heavy metal concentrations in Lake Huron tributary waters,
which were determinedby the Michigan Department of Natural Resources
(97), are summarized in Table 3.1—3. The proposed IJC water quality
objectives for cadmium (0.2 ppb), copper (5 ppb), lead (20 ppb), and
zinc (30 ppb) are occasionally exceeded. Tributary inputs to Lake
Huron sub—basins were calculated by the ULRG and shown in Table 3.1—4.
To summarize the situation with regard to heavy metals in Lake Huron
waters, the ULRG stated that "trace metal contamination in Lake Huron
is limited to localized nearshore and tributary areas." Among the
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in its 1978 Report to the Commission (9) reported the following Lake
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Organic Contaminants
 
Results of surveys for organic contaminants in the open waters of
Lake Huron are shown in Table 3.1—5. Several unidentified com—
pounds were observed by Strachan (14) in Lake Huron watersduring
1973. Estimated quantities of phthalates, fatty acids and hydro—
carbons were reported. In 1974, Glooschenko, Strachan and Sampson
(12) analyzed Lake Huron waters obtained from 18 different sites,
for PCBs, and organochlorine and organophosphorus pesticides. No
compounds were detected in filtered waters above the quantification
limits shown in Table 3.1—6. Detectable amounts of lindane were
found in each of the water samples, and trace amounts of both
heptachlor and dieldrin were found in the middle of Lake Huron. A
station off Goderich, Ontario showed traces of p,p' — DDE.
The Upper Lakes Reference Group, detected measureable quantities of
PCBs and phthalate esters in Saginaw Bay (Table 3.1—7) during 1974.
The Reference Group found the PCB concentration in open waters of
Lake Huron to be less than the 10 ng/L detection limit. Some near—
shore areas contained detectable amounts of DDT during the Reference
Group study. Also the Reference Group expressed concern about the
high phenol levels at the mouth of the Spanish River and within the
St. Mary's River.
Additional data of organic contaminant levels on Lake Huron and
tributary waters have been reported by the Michigan Department of
Natural Resources (Table 3.1-8) (reference 97) and by the EPA study
to detect previously unrecognized pollutants in surface waters (Table
3.1-5) (reference 18).
Recently, within the proceedings of a conference on PBBs (165), the
levels of P335 in the Pine River were reported. The observed levels
are shown in Table 3.1-9.
A PLUARG Task C report (170), published in 1978, shows the levels of
pesticides which were detected in three watersheds within the Lake
Huron Basin. Within Tables 1.1-11 to 1.1-20, the determined pesticide
levels are summarized, where AG-3 refers to the Au Sable River water—
shed, AG—6 refers to the Maitland River watershed and AG-l4 refers to
the Saugeen River watershed. The tables are located in the section on
Lake Erie.
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Date
1970-71
1973-77
1973-77
Station(s)
Whole Lake
See Figures
3.1—1 t0 3.1—2
Alpena Water
Intake
Bay City Water
Intake (Saginaw
B
a
y
)
Saginaw Midland
Water Intake
Detour
Cheboygan
Calcite
Calcite
Presque Ile
Alpena
Harrisville
Tawas
Saginaw Bay
Harbor Beach
Lexington
No.
Samples
38
7
10
10
10
A
s
<l-.4
<l—4
<l—2
.z:.1
<.l-l
.12:.l6
.15:.04
.14:.07
.1:.os
.1:.o7
.04i.01
HEAVY METAL CONCENTRATIONS IN LAKE HURON WATERS
C
r
<l-2
.8:.9
.qt.04
.5:.1
.4:.02
TABLE 3.1—1
ppb (
Hg/L)
a
Cu
Pb
10—40(b)
<l—8
(b)
2—11
<l-9
.9i.2
1.0i.5
2.5i1.3
.4:0
.7:.2
1.41.5
3.4:3.2
1.0+.7
2.21.1 .g:.2
1.7:.4 .5+.2
1.4:.7 .7i.1
1.1:.8
.713
H8
0.17:.11
<.l~.4
M
o
6—35(b)
<2
<1—1(b)
7—24
<2
<1—l(b)
3-8
<2
<l—l(b)
Zn
l—l7
<2.5
<1.9
<2.3
<1.6
<3.0
4.9:3.7
2.4:.9
<1.3
2.5:.4
2.2:.6
(b
)
Source
9
7
9
7
97
9
8
98
98
9
8
9
8
98
9
8
98
9
8
98
  
(a)
(b)
"Total"
(unfiltered)
metal
concentrations
unless
otherwise
specified.
Dissolved
(filtered)
water
samples
  
H
g
u
g
h
1
5
4
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TABLE 3.1-2
H
E
A
V
Y
M
E
T
A
L
S
IN
S
A
G
I
N
A
w
B
A
Y
-
1
9
7
4
(2
4)
HEA
VY
MET
AL
CO
NC
EN
TR
AT
IO
NS
IN
pg
/R
SP
RI
NG
19
74
FA
LL
19
74
Ma
x.
Me
an
Ma
x.
Me
an
 
U
.
S
.
D
R
I
N
K
I
N
G
W
A
T
E
R
ST
AN
DA
Rg
Li
U
.
S
.
W
A
T
E
R
QU
AL
IT
Y
(
I
l
e
AG
RE
EM
EN
T
OB
JE
CT
IV
E
S
Mi
n.
Mi
n.
Cu
Cd
Zn
F
e
C
r
P
b
H
8
1.
5.
2.
3.
6.
3.
4
—
10
00
5
—
—
2
—
—
2
10
10
0.
2
5
0
0
0
10
55
23
4
15
8
50
00
30
32
11
0
65
29
17
0
93
30
0
30
0
30
0
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TABLE
3.1—3
HEAVY METAL CONCENTRATIONS IN WATERS OF TRIBUTARIES AND CONNECTING CHANNELS
T0 LAKE HURON
ppb (
Mg/l)
a
No.
Information
Date
Stations
Samples As
Cd
Cr
Co Cu
Pb
Hg
Mo
Ni
Se
Ag
V
Zn Source
 
l973~77 Au Gres River
7 1-2 1—3
4—6 4-27
<.Z
23-27 <1 <l—7(b)
12-59(b) 97
Au Gres TWP
1973—77 Au Gres River
8 <l—l 1—4
1—4(b) 7—10 <0.l—O.2
9—10 <l <l—l(b)
1—12(b) 97
Oscoda TWP
1973-77 Black River
Lexington TWP
5 2-9 0.4—2
4
l—l8(b) <.l—l.5
25—26 <1 <1
10—21(b) 97
1973—77 Cheboygan River
Cheboygan TY
8 <l—U.3 \.l—Z
2-3(b) <l—22(b) <.2
10—11 <l <l—l(b)
8—15(b) 97
1974—77 Flint River
Flint
V
\
D
(
‘
1
l
N\
T
I
N
I
(
“
t
|
\
I
\
‘
T
\
T
 
<10—20 <1 <1
A—lé
97
1973-77 Flint River
9 5—6 O.5~3
12—28 8—58 <.2—.2
ZA-Bﬁ <1 <l—l(b)
80-220
97
1973-77 Pine River
St. Ignace TWP 9 O.3—Z(b) 0.2-2
2—5(b) 1—8
<.l—.3
8—10 <l—](b) <\l—3.5(b) 14—90
97
4-6(b) 2—21(b) <.l—.S
22—26
<l—4(b)
18—23
97
1
5
9
P
1
V
1974—77 Pinnebog River 7 2~5 O.4—8(b)
Hume
TWP
1973—77 Rifle River
Arenac TWP
10 2—4 l—4(b)
l—7(b) 5—16 <.l—.5
14—17 <1 cl—7(b)
6—2]
97
1973—77 Saginaw River
Bangor TWP
1A
2—3
1—3
5—20
2—30
<.l—.7
24~34 ‘1-2(b) <l—5(b)
20*36
97
l97A—77 Saginaw River
Saginaw TWP
5
3—9
2-5
6—7
5—40(b) \.2
29—36 *2
<1—1(b)
25—210
97
1973—77 St. Mary's River
Sault Ste. Marie
Water Intake
10
“.2—1
<.]-.5 <1-Z8
<l—ll(b) <l-8(b) <.l—.8
2—7 \2
*l—l(b)
16—260
97
1973-77 Thunder Bay River
Alpena
9
<l—4(b)
2
l—6(b)
8—19(b) <.2
6—10 <3
<1—S(b)
6—56(b)
97
1973—77 Thunder Bav River
Long Rapids TWP
6
<l—.4
l
l-7(b)
7—8
<.2
14—13
*2
Hl‘1(b)
10—16
97
l973—77 Van Etten Cr.
Oscoda TWP
8
<l—l
1—2
l—4(b)
3—10(b) <.2—0.6
9—12
‘2
“l—l(h)
6~10(b)
97
(a) "Total" (unfiltered) metal concentrations unless otherwise specified.
(b) Dissolved (filtered) water samples.
 
 TABLE 3.1-9
TRIBUTARY INPUTS To lAKE HURON SUB—BASINs
JULY 1973 - JUNE 1975
 
Mean
Loading
(kg/d)
N o r t h C 11 {I n n o 1 A n d
St.
Marys
River
Georgian
an
Main
Lake
Huron
Sampled
Unsamp‘lod
Sampled
Unsnmplod
SampIod
l'nsampled
Parameter
Basin
Basin
Tutu]
Basin
Basin
101.11
Basin
Basin
Total
Alkalinity (CaC03)
a
£1
.1
u
a
u
5,010,000
829,000
5,840,000
Arsenic
366
15.3
382
636
36.0
251
29.6
280
Barium
1,963
61.2
2,021
2,190
144
2,700
385
3,090
BOD5 (at 20"C)
199,000
2,460
201,000
55,400
5,780
136,000
17,700
154,000
Cadmium
647
30.6
678
1,090
71.9
287
57.8
345
Calcium
333,000
23,000
356,000
823,000 . 111,000
2,580,000
401,000
2,980,000
Carbon, Total Organi( 242,000
10,700
233,000
423,000
31,600
932,000
143,000
'
1,080,000
Chem. Oxygen Demand
715,000
35,200
750,000
1,130,000
82,700
1,280,000
178,000
1,450,000
Chloride
155,000
6,120
161,000
215,000
18,000
1,410,000
187,000
1,600,000
Chromium
410
23.0
433
849
54.1
236
38.
274
Copper
1,320
38.2
1,360
1,540
89.8
645
79.
724
Cyanide
180
7.64
187
261
18.0
66.7
12.
79.3
Fluoride
3,087
130
3,220
4,040
431
9,000
1,310
10,300
Iron
12,700
995
13,700
11,300
1,258
60,400
3,440
63,900
Lead
1,020
33.7
1,050
1,440
89.8
619
91.1
710
MagnESium
73, 300
3,060
76, 900
195 , 000
36,000
813,000
128, 000
941,000
Manganese
1,800
76.4
1,880
1,640
180
1,100
194
1,290
Mercury
3.20
0.130
3.33
4.10
0.250
4.35
2.80
1.59
4.%
Nickel
1,090
45.8
1,140
2,060
108
2,170
638
104
742
Nitrogen, TOtal as N
21,000
1,070
23,100
37,400
2, 540
29,900
91,000
16,800
108,000
Nitrogen, Organic as ﬁ] 11,600
750
12,400
17,800
1,310
19,100
33,700
4,310
38,100
Nitrogen, N113 as N
2, 580
91. 8
3.670
1,600
126
1, 7 30
3,900
499
6 ’ )0
Nit., N03 + N02 as N
6,700
340
7,040
8,020
1,100
9,120
51,400
12,000
63,400
Oil - Grease
34,900
1,320
36,100
40,600
2,950
41,600
83,300
11,000
94,300
Pesticides
0.005
0.001
0.006
0.067
0.004
0.071
0.106
0.053
0.158
Phenols
132
5.36
138
163
10.8
174
275
68.8
344
Phos., Total as P
2,550
76.4
2.630
1.830
180
2,010
5,480
694
6,170
Phos., Reactive as P
1,060
53.6
1,110
1,180
36.0
1,220
2,620
341
2,960
Phthalates
a
a
n
n
n
n
174
b
174
PCB
0.100
0.003
0.103
0.059
0.007
0.067
1.39
0.523
1.91
Potassium
36,700
2,600
39,300
59,000
6,820
65,800
89,700
14,700
104,000
Selenium
32.0
1.86
33.8
72.2
5.17
77.4
29.3
4.04
33.4
Silicate,Reac.as SiOz 133,000
6,800
140,000
143,000
14,000
157,000
283,000
35,800
318,000
Sodium
105,000
4,600
109,000
152,000
14,400
166,000
742,000
92,500
834,000
Solids, Total
2,080,000
138,000
2,210,000
5,130,000
539,000
5,670,000
17,500,000
2,530,000
20,000,000
Solids, Dissolved
1,740,000
116,000
1,850,000
4,630,000
496,000
5,120,000
15,300,000
2,330,000
17,700,000
Solids, Particulate
328,000
21,400
349,000
504,000
43,100
547,000
2,050,000
135 000
‘ 2,190,000
Sulfate as 804
542,000
18,400
561,000
681,000
46,700
728,000
1,750,000
294 000
2,040,000
Zinc
873
-
49.7
922
1,570
108
1,680
917
95.8
1,010
O
\
T
C
 
1
6
0
            
The totals shown above represent all available data. However, some discharges were not sampled fur all parameters, and some analytical techniques varied be—
tween the two jurisdictions.
a.
Not sampled
b. Below limits of detectability
TA
B
L
E
3
.
1
-
5
ANALYSES
FOR
ORGANIC
CONTAMINANTS
IN
THE
WATERS
AND
TRIBUTARIES
OF
LAKE
HURON
I
SAMPLING NO. OF
ORGANIC SUBSTANCES
QUANTIFICATION
LOCATION
PERIOD SAMPLES DETECTED AND QUANTIFICATION (ug/L)
LIMIT (ug/L) SOURCE
Open Lakes
1973
6
Hydrocarbons - 3—8
.1
14
(mostly acyclic — CZO—CBO)
Fatty Acids — 0.1—1
Phthalates
— 0.8-3
.1
Saginaw Bay
1974
24
(See Table 3.1—7)
96
Detour, Cheboygan, 1974
DDT (0.001—0.004)
.001 96
Presque Isle,
'
1
Lexington
Entire Lake 1974 18 sites Lindane - Trace
.005 12
1
6
1
Middle Lake Huron 1974
Heptachlor - Trace
Table
Dieldrin - Trac
e
3.1—6 12
(See Table 3.1—6 for compounds sought)
ave. — 3
— max. — 14
96
Spanish River Mouth 1974
Phenol
St. Mary's River
1974
Phenol .3 km from
Algoma Steel — 24
96
3.2 km downstream - 10
Saginaw River
1976
Dimethyl sulfide —
(Bay City)
Dimethoxy methane -
Chloroform —
Dimethyl disulfide -
Methyl Palmitate -
«
Methyl Stearate -
Terpene — C15 —
Cam
pho
r
Dibutyl p
hthalate
Diethyl
hexylphthalate-
1
8
H
M
I
—
l
r
—
J
Q
M
I
—
i
V
H
H
Trace)
 
 
 TABLE 3.1-6
QU
AN
TI
FI
CA
TI
ON
LI
MI
TS
FO
R
OR
GA
NO
CH
LO
RI
NE
AN
D
OR
GA
NO
-
PH
OS
PH
OR
US
CO
MP
OU
ND
S
IN
ST
UD
Y
OF
LA
KE
S
SU
PE
RI
OR
AN
D
HUR
ON
BY
GLO
OSC
HEN
KO;
STR
ACH
AN
AND
SAM
PSO
N
02)
Quantification Limit
 
WATER SESTON, SEDIMENT,
COM
POU
ND
PPB
NG
PPM
Li
nd
an
e
0.
00
5
1
0.
00
1
He
pt
ac
hl
or
0.
00
5
1
0.
00
1
He
pt
ac
hl
or
ep
ox
id
e
0.
00
5
1
0.
00
1
Al
dr
in
0.
00
5
1
0.
00
1
Di
el
dr
in
0.
00
5
1
0.
00
1
En
dr
in
0.
01
10
0.
00
1
p,
p—
DD
E
0.
00
5
1
0.
00
1
p,
p—
TD
E
0.
00
5
1
0.
00
1
p,
p—
DD
T
0.
00
5
1
0.
00
1
o,
p—
DD
T
0.
00
5
1
0.
00
1
a—
Ch
lo
rd
an
e
0.
01
5
0.
00
5
B-
Ch
lo
rd
an
e
0.
01
5
0.
00
5
a—
En
do
su
lf
an
0.
01
10
0.
01
B E
ndo
sul
fan
0.0
1
10
0.0
1
p,
p—
Me
th
ox
yc
hl
or
0.
01
50
0.
05
PCB
s
0.1
10
0.0
1
Ph
or
at
e
0.
00
3
50
0.
01
Di
az
in
on
0.
00
5
100
0.
02
Di
su
lf
ot
on
0.
00
3
50
0.
01
Ron
nel
0.0
05
100
0.0
2
Me
th
yl
Pa
ra
th
io
n
0.
00
5
100
0.
02
Ma
la
th
io
n
0.
00
5
100
0.
02
Par
ath
ion
0.0
05
100
0.0
2
Cr
uf
om
at
e
0.
02
5
500
0.
1
Me
th
yl
Tr
it
hi
on
0.
01
200
0.
04
Et
hi
on
0.
00
5
100
0.
02
Car
bop
hen
oth
ion
0.0
1
200
0.0
4
Im
id
an
0.
05
10
00
0.
2
Azi
nph
osm
eth
yl
0.0
5
100
0
0.2
Azi
nph
ose
thy
l
0.0
5
100
0
0.2
Pho
sph
ami
don
0.0
3
500
0.1
Dim
eth
oat
e
0.0
05
100
0.0
2
Fe
ni
tr
ot
hi
on
0.
00
5
100
0.
02
162
 TABLE 3.1—7
ORGANICS IN SAGINAw BAY — 1974 (24)
      
PARAMETER CONCENTRATIONS IN n /2 PROPOSED AGREEMENT
SAGINAW RIVER INNER BAY OUTER BAY OBJECTIVES
Arochlor 1242 70 10 Not Found —
Arochlor 1254 10 3 Not Found —
Arochlor 1260 <10 <10 <10 -
Total PCB 80—90 13—23 0—10 18
. . b
Dieldrin 0.8 0.5 0.6 1
, c
pp DDT <1 <1 <1 3
c
DDE <1 <1 <1 3
c
DDD' <1 <1 <1 3
Di(2—ethylhexyl)—
phthalate 600
4 samples in bay ranged from <1000 to 1400; mean = 1300
l
a. This level may not be adequate to provide protection to certain predators,
and could presently not be enforced because of insufficiently sensitive
quantification limits.
b. Objective is for aldrin plus dieldrin.
c. Objective is for DDT plus metabolites.
  
TABLE 3.1-8
OR
GA
NI
C
CO
NT
AM
IN
AN
T
SU
RV
EY
OF
LA
KE
HU
RO
N
NE
AR
SH
OR
E
WA
TE
RS
AN
D
TR
IB
UT
AR
IE
S
(a
)
OR
GA
NI
CS
SO
UG
HT
AN
D
AN
AL
YT
IC
AL
DE
TE
CT
IO
N
LI
MI
TS
(pg
/L)
Al
dr
in
:
O.
Si
lv
ex
:
1.
0
Di
el
dr
in
:
0.
En
dr
in
:
0.
02
o,
p—
DD
T:
0.
He
pt
ac
hl
or
:
0.
00
5
p,
p—
DD
T:
O.
Li
nd
an
e:
0.
00
5
Di
bu
ty
l
ph
th
al
at
e
Me
th
ox
yc
hl
or
:
5
(D
BP
):
1'
PC
Bs
:
0.
1
Di
et
hy
lh
ex
yl
.
ph
th
al
at
e
(D
EH
P)
:
1.
Ar
oc
lo
r
12
42
.
0.
1
To
xa
ph
en
e:
l.
Ar
oc
lo
r
12
54
:
0.
1
Ch
lo
rd
an
e:
0.
Ar
oc
lo
r
12
60
:
0.
1
2,4-D: 0-
ORGANICS IN EXCESS OF ABOVE
SA
MP
LI
NG
N0
.
SA
MP
LI
NG
DE
TE
CT
IO
N
LI
MI
TS
,
CO
NC
EN
TR
A-
DA
TE
S
SA
MP
LE
S
SI
TE
TI
ON
S,
AN
D
DA
TE
S
NO
TE
D
19
75
-7
6
6
Ci
ty
of
Al
pe
na
DE
HP
—
1.
6
ug
/L
(0
7/
76
)
Water Intake
(Lake Huron)
19
75
—7
6
4
Ba
y
Ci
ty
DE
HP
—
2.
6
ug
/L
(0
1/
76
)
Water Intake
(Lake Huron)
19
75
-7
6
4
Sa
gi
na
w—
Mi
dl
an
d
WT
P
DE
HP
-
1.
9
ug
/L
(0
1/
76
)
Water Intake
(Lake Huron)
19
73
-7
5
5
Au
Gr
es
Ri
ve
r
p,
p—
DD
T
—
0.
01
1
pg
/L
(0
8/
74
)
Au
Gr
es
TW
P
DB
P
-
8.
0
Ug
/L
(1
2/
73
)
- 0.6-Ug/L (08/74)
19
73
-7
6
7
Au
Sa
bl
e
Ri
ve
r
p,
p—
DD
T
-
0.
01
2
ug
/L
(0
8/
74
)
Os
co
da
TW
P
DB
P
-
0.
86
ug
/L
(0
8/
74
)
19
76
-7
7
4
Bl
ac
k
Ri
ve
r
no
ne
Port Huron
19
73
-7
6
7
Ch
eb
oy
ga
n
Ri
ve
r,
p,
p—
DD
T
—
0.
01
6
ug
/L
(0
8/
74
)
Ch
eb
oy
ga
n
DE
HP
-
0.
73
ug
/L
(0
8/
74
)
PCBs — 0.5 ug/L (08/74)
19
76
-7
7
4
Fl
in
t
Ri
ve
r
no
ne
Albee TWP
164
74
44
__
__
__
__
__
__
__
__
_—
——
——
——
——
——
——
——
——
——
——
——
——
——
——
__
__
_J
--
--
..
TABLE 3.1—8 CONT'D
 
 
ORGANICS IN EXCESS 0F ABOVE
 
SAMPLING SAMPLING- DETECTION LIMITS, CONCENTRA—
DATES SITE TIONS, AND DATES NOTED
1973-75
. . o,p-DDT - 0.01 Ug/L (08/74)
Pine River
St. Ignace TWP p,p—DDT - 0.024 ug/L (08/74)
1974—75 Pinnebog River none
Hume TWP
1973-75 Rifle River DEHP - 11 ug/L (08/74)
Arenac TWP PCBs — 0.7 Ug/L (08/74)
1973—77 Saginaw River, DEHP — 18 ug/L (08/74)
Bangor TWP — 1.2 Hg/L (08/74)
PCBS — 0.16 ug/L (08/74)
Aroclor 1260 — 0.2 ug/L (05/76)
1973 Saginaw River none
Saginaw TWP
1974—76 St. Mary's River DEHP — 2.1 ug/L (01/76)
Saulte St. Marie
1973—76 Thunder Bay River Aldrin — 0.01 ug/L (08/74)
Alpena DBP - 2.0 ug/L (12/73)
— 0.7 ug/L (08/74)
DEHP — 2.3 ug/L (07/76)
1973-76 Van Etten Creek P,p"DDT — 0.015 Ug/L (08/74)
Oscoda TWP DBP — 0.17 ug/L (08/74)
PCBs — 0.4 ug/L (08/74)
a) Michigan Department of Natural Resources
TABLE 3.1—9
PBB LEVELS OBSERVED IN THE PINE RIVER, MICHIGAN (165)
STATION PBB CONCENTRATION uG/L
5 m from outfall
Chemical Corp.
 
1.5 miles upstream from
Michigan Chemical
St. Louis Reservoir ~
St. Louis Reservoir —
50 m east of Michigan
Below St. Louis Dam
  
10/4/74 10/11/74 10/18/74
<_1 <.l <.1
0.9 9.8 1.1
0.4 0.5 1.3
<0.1 <0.1 <0.1
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TABLJE
3.2-]_
HEAN LEVELS OF TRACE METALS
IN THE
SEDIMENTS OF LAKE HURON
(Hg in “g/kg, all others in mg/kg)
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TABLE 3.2-2 MEA
N LEVELS OF TRACE
METALS IN THE SED
IMENTs
OF GEORGIAN BAY AND NORTH CHANNEL
(Hg in ug/kg, all oth
ers in mg/kg)
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TABLE 3.2—3
HEAVY
METALS
IN
SURFICIAL
SEDIMENTS
OF
LAKE
HURON
  
CONCENTRATION Im/k
_
Sample
Zinc
Cadmium-1'3
Lead“
Mercury
Area
Size
Min.
Mean
Std.
Min.
Mean
Std.
Min.
Mean
Std.
Min.
Mean
Std.
Max.
Dev.
ia‘__Max.
Dev.
Max.
Dev.
Max.
Dev
Lake Huron
8
12.0
17.75
4.46
<1,9
9,1.
[6,55
(,_3
<0,01
A 6 B
25
2.9
29.0
<0.01
Lake Huron
6
3.93
9.02
4.5
<2.0
1.3
15.5
11.0
0.006
C
16.0
12.0
28.5
0.011
Goderich
3
15.7
29.7
16.3
«2.0
33.1
49.9
16.1
0.019
0.059
0.035
Harbour
47.6
2.96
65.1
0.082
Georgian Bay
12
7.5
65.1
35.1
<2.0
6.04
28.2
12.8
0.005
D
115
2.9
47
0.064
Georgian Bay
6
4.99
54.6
31.9
‘1.0
<6.0
(0.01
E
98.1
2.97
46.0
0.045
Tobermry
3
81.6
90.5
8.7
2.85
2.91
0.06
60.7
75.6
24.6
0.042
0.051
0.008
Harbour
99.0
2.97
104.0
0.056
0W!“ sound
6
57-2
103-7
47~7
(-2.0
26.4
75.6
53.1
0.026
0.166
0.143
Harbour
187.0
3.95
174.0
0.435
Collingvood
3
99.1
116.4
15.1
3.92
4.19
0.27
85.8
162.3
98.9
0.084
0.146
0.06
Harbour
127.0
4.46
274.0
0.189
Penetang-
8
89.0
130.5
42.6
<1.9
30.6
57.2
24.2
0.052
0.18
0.16
Midland
228.0
2.84
104.0
0.52
Parry Sound
20
25
107.9
73.7
0.5
9
41.6
35.7
0.02
0.12
0.14
Harbour
290
3. 98
160
0. 534
North Channel
19
17.8
95.29
71.42
<2.0
2.5
31.31
24.94
<0.01
1"
233.0
3.95
99.2
0.149
Spanish
19
17.5
83.8
49.25
0.50
2.53
1.14
1.8
26.38
18.18
0.01
0.055
0.034
Harbour
213.0
3.98
82.0
0.127
Serpent
20
44
155.9
52.3
<1.0
11
52.2
21.99
0.04
0.077
0.040
Harbour
226
2.0
83
0.12
DeTour
l
5.4
<0.4
<1
<0.1
Cheboygan
5
5.6
40.7
55.8
<0.4
<1
4.7
3.7
<0.1
140
10
Presque Isle
1
34
<0.4
19
<0.1
Alpena
6
24
31.0
7.3
<0.4
8
15.0
8.0
<0.1
44 30
Harrisville
1
26
<0. 4
4
<0.1
Tauas City
6
12
19.6
5.5
<0.4
5
10.0
4.3
<0.1
26
16
Harbor Beach
4
44
126.0
57.2
<0.4
12
26.5
10.5
(0.1
170
36
Lexinaton
1
70
<0. 4
13
<0.1
CONCENTRATION 1N Eg/kg
Sample
Copper'a
Chromiuma
Nickeld
Iron 1
Area
Size
Min
Mean
Std.
Min.
Mean
Std.
Min.
Mean
Std.
Min.
Mean
Std.
Max
Dev.
Max
Dev.
Max.
Dev.
Max.
Dev.
Lake Huron
8
2.9
10.2
7.6
5.5
12.5
4.6
3.0
11.9
4.9
0.4
0.71
0.25
A 6 B
25
20.0
19.0
1.1
Lake Huron
6
(5.0
4.5
11.7
3.9
<4.5
0.4
0.56
0.27
C
7.5
16.5
21.0
1.1
Coderich
3
12.8
18.0
6.9
15.2
20.9
6.7
10.8
16.67
6.34
0.55
0.92
0.40
Harbour
25.9
28.3
23.4
1.35
Georgian Bay
12
<5.0
25.1
16.7
<7.0
25.5
16.4
11.8
36.7
17.9
0.40
2.28
1.36
D
52.0
55
58.0
4.0
Georgian Bay
6
<5.0
(5.0
<5.0
0.73
1.75
0.58
E
32.3
35.6
78.0
2.4
Tobermory
3
28.2
32.4
4.8
39.9
43.1
2.9
35.4
42.4
6.4
1.23
1.4
0.17
Harbour
37.7
45.7
47.9
1.56
Owen Sound
6
20.0
38.6
14.7
14.0
17
4.2
27.0
31.4
6.9
1.18
1.5
0.49
Harbour
62.7
20.0
45.0
2.5
Collingvood
3
37.2
44.7
6.85
23.8
24.7
1.29
28.3
31.3
2.7
1.08
1.14
0.07
Harbour
50.6
26.3
33.3
1.21
Penetahg—
8
15.3
28.5
10.9
28.7
65.4
40.7
19.1
36.7
22.4
1.3
2.47
0.62
Midland
43.9
156.0
88.0
3.28
Parry Sound
20
6.0
24.5
9.9
4.0
19.9
13.0
4.0
18.21
9.48
0.3
2.33
1.50
Harbour
42.0
53.5
32.0
6.7
North Channel
19
<5.0
7.92
37.08
21.92
19.8'
109.6
142.8
0.57
2.06
1.069
F
489.0"
68.9
562
4.85
Spanish
19
-
-
-
10
35.11
15.06
—
-
-
0.84
1.46
0.45
Harbour
62
2.42
Serpent
20
14.0
40.45
15.34
13
29.95
9.15
20
103.5
95.84
0.89
1.88
0.51
Harbour
68.0
46
335
2.88
De'l'our
1
1.2
(0.2
2
0.26
Cheboygan
'5
1.0
4.60
3.99
2.0
6.72
6.48
<1
4.7
4.4
0.20
0.392
0.279
16.0
18.0
12
0.86
Preaque Ill:
1
11.0
7-3
20
0.48
Alpena
6
3.8
6.53
3.24
3.0
5.26
1.66
6
10.0
3.2
0.32
0.460
0.128
12.0
7.2
15
0.60
Harri-ville
1
1.8
2.8
5
0.62
Tawal City
6
3.0
6.86
3.82
0.6
7.50
5.11
7
13.0
5.6
0.22
0.533
0.248
12.0
14.0
20
0.80
Harbor Beach
4
14.0
20.00
4.30
11.0
14.20
3.50
24
30.5
5.7
1.70
3.400
2.970
24.0
19.0
38
7.80
Lexington
1
4.6
3.4
10
ms;
             
a.
If Inn and Std. Dov. are not shown, 1:" than valuea were found for more than 15% of the samples.
1
.2.69
  
TABLE 3.2-4
ME
AN
LE
VE
LS
OF
ME
TA
LS
IN
RE
CE
NT
(S
UR
FA
CE
)
AN
D
PR
E—
CO
LO
NI
AL
(D
EE
PE
R)
SE
DI
ME
NT
IN
LA
KE
HU
RO
N
   
 
 
l
CONCENTRATION IN mg/kg
METAL
Recent Pre—Colonial
Hg 0.210 0.150
Pb 129 39
Zn 197 94
Cd 2 1
Cu 58 38
i
J
a. Information from Reference (25).
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 TABLE 3.2—5
ESTIMATED LOADINGS OF ELEMENTS T0 THE
SEDIMENTS OF LAKE HURONa
      
LOADING IN TONNES PER YEARb
ELEMENT
AnthropogenicC Natural Total
Hg 0.34 0.42 0.76
Pb 400 120 520
Zn 520 275 795
Cd 3 5 8
Cu 125 110 235
Organic 0 33,900 126,700 160,600 1
N 5,180 16,200 21,380
P 1,460 3,290 4,750
a. Information from Reference (25)-
b. Values calculated based on the results of three cores.
c. Anthropogenic refers to that fraction derived from man's activities
as distinct from natural (background) sources.
   
     
   
 
Saginaw Bay
  
St. Clair River
Spanish River
French River
2200 ppb
TanL Hg ppb
[3 <100
[3 100—300
- 300- 500
- 500—1000
- >1000
  
Nonawasaga Bay
F
I
G
U
R
E
3
.
2
-
1
DI
ST
RI
BU
TI
ON
OF
ME
RC
UR
Y
IN
TH
E
SU
RF
IC
IA
L
SE
DI
ME
NT
S
OF
LA
KE
HU
RO
N;
GE
OR
GI
AN
BA
Y;
AN
D
TH
E
NO
RT
H
CH
AN
NE
L.
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 TABLE 3.2—6
LEAD IN GREAT LAKES SEDIMENTS - LAKE HURON
(Ref. 28)
LAKE HURON N PéM p33 TONNES EESDI¥SSNES PB
PER YR.xlO6 PER YEAR
Total Lake 177 49 34 — —
Non Depositional Zone 97 35 28 - —
Total Basin 80 66 35 — 690
Mackinac 11 67 41 — —
Manitoulin 42 70 41 — —
Alpena 2 59 7 _ _
Saginaw 4 87 19 — —
Goderich 16 58 12 — —
Port Huron 5 38 27 — —
Acres Report
Atmospheric Loading
Model 690 tonnes/year
Precip. Chem. 460 tonnes/year
l73
  
TABLE 3.2-7
LEAD IN GREAT LAKES SEDIMENTS - GEORGIAN BAY
 
(Ref. 28)
i SD
GEORGIAN BAY N PPM PPM
Total Lake 116 43 29
Non Depositional Zone 76 34 23
Total Basins 40 67 27
Nottawasaga 14 69 26
Owen Sound 6 57 31
.Lion's 2 100 14
Cabot 4 86 27
Flowerpot 7 51 24
French River 3 66 27
Parry Sound 1 61 —
North Channel 55 39 30
Acres Report
Atmospheric Loading
Model 270 tonnes/year
Precip. Chem. 320 tonnes/year
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TABLE 3.2-8
SAGINAW BAY SEDIMENT CHEMISTRY
 
PARAMETER
(mg/kg)
FONCFNTRATION
IN,m
g/kg
1970 1973 1974
1975
Min.
Max.
Mean Mean Min. Max.
Mean
Min.
Max.
Mean
EPA D
REDGI
NG
GUIDELINES b
Cu
Cd
Zn
F
e
C
r
Pb
Hg
To
C
O
5400
Cal P
280
D 33000
 
9400
540
110000
7140
340
63500
64
62
 
32.0 1.0
1.4
106
3.4
1600
197 2.0
37.
9
2.2
a 38.0
a
1500
 
2.8
12
7800
100
7.
8
240
38
.0
5200
1.66
<0.4
8.26
4600
63.3
4.26
<0
.1
110
20.3
2766
 
<0.4
6.0
1600
19.0
2.0
<0.
02
80.0
21.0
60
.
2.0
31
0
18000
600
40.0
96.0
0.16
2
6
0
0
180
1300 110000
23.
1.4
101.5
9050
244
19.0
45.0
0.12
1150
75.5
44775
 
25—50
>6C
90—200
17,000—25,000
300—500
25—75
40—60
>1.0C
1,000—2,ooo
420—650
40,000—80,000
Not a
nalyz
ed.
Values giv
en are for
See App
endix C
.
l
Heavily polluted.
'moderately polluted" dredge spoil. "Heavily polluted" spoil is in excess of
these values.
 
   
TABLE
3.2—9
LAKE HURON HARBOR SEDIMENTS ‘ METAL ANALYSES
NUMBER
C O N C E N T R A T I 0 N —
p p m d r y w e i g h t
SAMPLING STATION
SAMPLING
INFORMATION
DATE
OR DESIGNATION
SITES
MERCURY
LEAD
ZINC
NICKEL
ARSENIC CADMIUM CHROMIUM COPPER
SOURCE
 
1974 Caseville Harbor
1975 C
heboygan Har
bor
1974 Harbor Beach
<.2
<10
12—78
90—130
<2—1
3.6—4.3
<3—7
<3
99
<.l
<10-56
13—89
<8—12
<2
<2
3—10
3—30
99
<.2—<.3
<15—<25 94-120 180—280
2—8
7.1—8.8 37—51
16—36
99
<.1—<.3
<10-<15 16—130 90—240
<2—4
3.9-7.5
5—260 <3—10
99
<.3—<.5
<20—50 60—550 120-700
.2—.8
<.6-17 52—110 <3—62
99
<.2—.3
<10—60 70—250 50—430
2—7
3.8—8.7 26—470 11—82
99
<.2—<.3
<10
20~88
70-230
1—6
2.3—12
4—30
<3—13
99
<.2 <.3
<10—<15 33—115 90-170
3—4
4.2—7.8'
7—54
3—22
99
1974 Sebewaing Harbor
1974 Saginaw Bay
1974 Saginaw River
1974 Port Sanilac
1974 Port Austin
 
m
m
m
m
o
x
o
o
o
‘
m
1
7
6
 
 TABLE 3.2—10
CALCITE HARBOR SEDIMENT CHEMISTRY
 
(Ref. 99)
PARAMETER
1975
EPA DREDGING
(mg/kg)
Min.
Max.
Mean
GUIDELINESa
Cu
0.6
6
4
25—50
Cd
0.2
0.2
0.2
>6b
Zn
9.4
26
19.4
90—200
Cr
3.4
26
16
25—75
Pb
4.0
12
8.8
40—60
Hg
.01
.07
.05
>1.0b
As 0.4 1.8 0.9 1,000—2,000
Ni 2 7 5.5 420-650
Se 0.1 0.4 0.2 40,000-80,000
aValues given are for "moderately polluted" dredge spoil.
"Heavily polluted" spoil is in excess of these values.
bHeavily polluted.
NOTE: Calcite Harbor is located near Rogers City, Michigan
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 DATE
1974
1974—75
1976
1974—75
1974—75
1974
1977
TABLE 3.2-11
ORGANIC CONTAMINANTS QUANTIFIED 1N
LAKE HURON BASIN SEDIMENTS
SAMPLE SITES CONTAMINANTS AND QUANTITIES (pg/kg)
 
Open lake and PCBS: Trace a 20
nearshore areas Dieldrin: N. D. — trace
18 sites p,p—DDE: N. D. — 10
p,p—TDE: N. D. — 9
p,p—DDT: N. D. — 12
o,p-DDT: N. D. — 1
Z DDT: N. D. - 22
Pesticides — PCBs:below
detection limit
Dibutyl phthalate — 290 ug/kg
at Saginaw River mouth
Dibutyl phthalate — <200 ug/kg
at outer bay
Saginaw Bay
Saginaw Bay—River PCBs — <O.1 — 22.9 mg/kg
(vicinity of Saginaw
sewage treatment plant)
PCBs — 11.8 mg/kg (downstream
of Bay City STP)
Phenols — 13 mg/kg
5 km from Algoma Steel
St. Mary's River
Nearshore areas PCB, DDE, Dieldrin, DDD, p,p—DDT,
o,p-DDT
(See Table 3.2—12)
1/4 mile upstream PBB <1OO
from Michigan
Chemical Corp.
St. Louis Reservoir PBB - 4800
(downstream from Michigan
Chemical Corp.
29 miles from reservoir PBB — 100
1/4 mile upstream from PBB — 350
Michigan Chemical Corp.
St. Louis Reservoir PBB'-7100
29 miles from reservoir PBB — 150
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SOURCE
12
96
100
100
96
96
165
165
7
1
1
-
-
»
 
 4
'
-
ﬂ
o
u
r
.
"
TABLE 3.2-12
1974—75
CONCENTRATIONS OF PCB’S AND PESTICIDES IN THE NEARSHORE
SURFICIAL SEDIMENTS OF LAKE HURON
       
 
  
CONCENTRATION IN ug/kg
Area
Sample
PCB
DDE
Dieldrin
DDD
pp DDT
op DDT
Sized
Lake Huron
8
65
a
a
a
a
a
A
&
B
(2)
Lake Huron
6
a
a
a
a
a
a
C
Georgian Bay
12
46.6 2.5
1.6
2.8
1.5
a
D
(5)
(4)
(3)
(6)
(6)
Georgian Bay
6
40
b
a
a
a
a
E (1)
Tobermory
1
4O
4
a
a
2
2
Harbour
Owen Sound
6
267.5 13.6
4.5
14.3
4.2
a
Harbour
(4)
(2)
Collingwood
3
853
8.3
a
14
5
c
Harbour
Penetang-
8
32
2.2
1.1
5
b
a
Midland
(4)
(2)
(4)
(2)
Parry Sound
19
a
a
a
a
a
a
Harbour
North Channel
19
a
3.5
a
4.3
6.7
7
F
(6)
(5)
(4)
(2)
Spanish
18
56.8
1.4
a
1.9
1.8
a
Harbour
(16)
(16
(16)
(16)
Serpent
16
a
1.3
a
a
a
a
Harbour
a. Non—detectable
b. Trace.
C. Not Analyzed.
d.
Parentheses
denote
the number
of samples
above detection
limit.
 
 
1
.
:
\
J
   
 3.3 DATA ON AIR QUALITY AND PRECIPITATION
Atmospheric loadings to Lake Huron were calculated by Acres
Consulting Services Ltd. and Applied Earth Science
Consultants Inc. (101), and reported in the ULRG report (96)
(Table 3.3—1). Twenty—two U.S. source regions and eleven
Canadian source regions were considered to contribute to the
loadings to Lake Huron, and the estimated contributions from
each source are outlined in Table 3.3—2 (96). The Reference
Group did not calculate the relative significance of
atmospheric sources within material balances for substances
such as mercury or PCBs because the "input sources sampled
were below the detection limit for these materials.”
Thirteen samples of rain over Lake Huron and Georgian Bay (46),
indicated PCB and pesticide concentrations in nanogram per
liter quantities, which are shown in Table 3.3—3.
Murphy in 1978, reported an average of l9 ng/l of PCBs in
rain over Saginaw Bay, of which 70% was "dissolved" and 30%
was "filterable 0r particulate". The calculated input of
PCBS in kg/km /yr was 0.014 (102).
Two PLUARG studies (170, 172) determined the levels of several
pesticides, heavy metals and PCBs in rainwater collected in
the Au Sable River Basin. The results are shown in Tables
1.3—3 to 1.3—5, under the designation of AG—3. The tables
are found within the chapter on Lake Erie.
Table 3.3—4 shows the results of analyses for PAHs in air from
Sudbury, Ontario (167).
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 TABLE 3.3-1
PERCENT OF LOADINGS TO LAKE HURON BY AIR POLLUTION SOURCE REGIONa
Air Pollution Source Regionb
Percent of Total Atmospheric Loading
 
Sulphate
Phosphorus
Trace
MetalsC
 
Saginaw
Detroit
Port Huron
Lower Michigan
Northern Michigan
St. Louis
Chicago
Central Illinois
Green Bay
Milwaukee
Wisconsin
Duluth
Minneapolis
Toledo
Cleveland
CinCinnati
Ohio
Pittsburgh
Pennsylvania
Rochester
Buffalo
S.W. New York
Montreal
Toronto
Sarnia
Sudbury
Thunder Bay
Nanticoke
Noranda
Sault Ste. Marie
Northern Ontario
Southern Ontario
Manitoba
 
O
O
O
O
N
O
O
N
W
N
O
O
O
O
F
‘
L
ﬂ
N
k
ﬂ
w
a
O
O
H
H
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O
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-
‘
W
N
O
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H
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O
O
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w
w
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O
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N
c
h
L
ﬂ
U
‘
I
I
—
A
N
N
w
w
w
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l
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.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
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.
.
.
.
.
.
\
A
N
H
b
M
H
u
m
w
u
N
w
a
H
-
L
‘
O
N
O
O
L
H
M
N
N
N
r
—
I
L
n
N
U
I
N
N
t
-
‘
o
o
 
p
.
.
.
p
.
.
.
O
I
—
‘
O
H
O
O
O
O
O
H
O
O
O
O
U
J
M
V
O
V
V
H
D
O
N
N
N
V
M
W
N
b
—
‘
t
—
‘
N
O
 
W
m
§
a
N
H
w
N
W
O
®
M
b
ﬁ
m
N
®
M
w
a
m
w
l
—
‘
O
O
‘
O
D
N
w
P
-
‘
U
J
N
D
a.
F
r
o
m
R
e
f
e
r
e
n
c
e
(101)-
b.
United States Environmental Protection Agency and Ontario Ministry of the
Environment air pollution source regions.
c. Cd, Cu, Fe, Ni, Pb
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TABLE 3.3-2
ATMOSP
HERIC
LOADIN
GS To
LAKE H
URON
L o a
d i n
g s,
I n T
o n n
e s P
e r Y
e a ra
 
‘ Wh
ole
M a
i n
L a k
e H
u r
o n
Georg
ian
North
Lake
Parameter
North
South
Total
Bay
Channel
Total
Nitrog
en (N0
+ NH
as N)
22,000
12,000
34,000
14,200
3,780
52,000
Total
Phosph
rush 3
255
195
450
134
36
620
Total
Dissol
ved So
lidsc
42,000
30,000
72,000
30,000
7,980
110,00
0
Chlori
de
20,000
13,000
33,000
12,700
3,360
49,000
Reactive Silicate (as 8102) 4,900 2,600 7,500 1,340 355 9,200
Calciu
m
30,000
240,00
0
270,00
0
7,900
2,100
280,00
0
Sodium
19,000
23,000
42,000
2,370
630
45,000
Magnes
ium
4,100
2,600
6,700
1,190
315
8,210
Potass
ium
21,000
9,000
30,000
1,580
420
32,000
1
8
2
Iron
1,300
900
2,200
1,900
504
4,600
Lead
290
170
460
253
67
780
Copper
220
120
340
332
88
760
Nickel
36
44
80
103
27
210
Cadmium
42
17
59
16
4
79
 
Particula
te Solids
90,000
140,000
230,000
94,800
25,200
350,000
       
a. All p
arameters
were dete
rmined fr
om actual
measureme
nts excep
t for pa
rticulate
solids va
lues whic
h were
calculate
d from ma
thematica
l model
results (
101)_
b. Corrected for
contamination and
further modified.
c. Ca
lculat
ed fro
m cond
uctivi
ty mea
sureme
nts by
multip
lying
by 0.6
5.
TABLE 3.3—3
ANALYSES OF 13 SAMPLES OF RAIN FROM
LAKE HURON ~ GEORGIAN BAY
(Ref. 1+6)
 
Pigelljgggri * < A Hm_ A . in _H _
CONCENTRATIONS
(mg/Q)
Total
PCB
ll
Lindzmv
6.0
:BHC
l3. 3
‘DDT~Rcsiducs
2.7
Iindosul Mm
0. l
Endosul 11m
2. l
Divldl‘in
1.0
Muthurqwh101”
l3.l
HCB
0.0
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T
A
B
L
E
3
.
3
—
4
COM
PAR
ATI
VE
SEA
SON
AL
CON
CEN
TRA
TIO
N L
EVE
LS
OF
PAH
’s
IN A
IR
OF
ONT
ARI
O C
ITI
ES
APR
IL
197
5—W
ARC
H 1
976
LOC
ATI
ON:
SUD
BUR
Y;
SIT
E N
O.
770
16
(Ref.
167)
Aggj
girﬁ
ggi;
y{C5
July
—Sep
t.
1975
Oct.
—Dec
. 1
975
Jan.
—Mar
ch 1
976
3
ng/l
OOO
m
ug/g
*
ng/1
000
In3
ug/g
ng/1
000
In3
ug/g
ng/1
000
In3
Og/g
Air
p.m.
Air
p.m.
Air
p.m.
Air
p.m.
1
8
4
111
45
173
7
4
17
9
1104
73
10
47
342
15.3
444
19.0
255
11.4
317
13.6
417
18.7
650
27.8
197
8.8
271
11.6
41
1.8
50
2.1
37
1.7
32
1 4
2321
104.0
3009
128 7
99
4 4
230
9.8
17
0.8
1 5
54
2 4
5 6
Ben
zo(
a)p
yre
ne
175
Ben
zo(
e)p
yre
ne
23
Benz
o(b)
f1uo
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hene
255
Benz
o(k)
f1uo
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57
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17
Dib
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f,m
no)
chr
yse
ne
8
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o(gh
i)pe
ry1e
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779
Nap
tho
(l,
2,3
,4,
def
)ch
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510
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zo(
rst
)pe
nta
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40
Dib
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o(b
,de
f)c
hry
sen
e
149
.
n
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i
q
N
H
q
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o
m
m
w
c
n
x
o
m
x
o
130
*ug/g of particulate matter
3.
4
DATA ON MUNICIPAL AND INDUSTRIAL DISCHARGES AND SLUDGES
Table 3.4—1 shows the results of a 1973 survey by U.S. EPA Region
V (103) to determine the concentrations of organic contaminants in
Lake Huron Basin municipal influents, effluents and sludges.
0f
the compounds detected, phthalate esters and the Aroclor compounds
are found in the highest concentrations.
The Upper Lakes Reference Group in its Lake Huron Report (96),
identified the significant industrial and municipal sources to the
Lake Huron Basin. For example. the significant sources in Saginaw
Bay are identified in pages 217—218 of the ULRG report.
Also, there
are considerable discussions within the report on the discharges
from Algoma Steel to the St. Mary's River.
For example, during 1974,
the Reference Group estimated the quantities of discharges from
Algoma Steel to be:
200 kg/d phenols; ll,000 kg/d ammonia; 2,280 kg/d
cyanide.
High levels of zinc and iron were also observed.
The
effects of these discharges are discussed in detail
in pages 275—281
of the Reference Group's report.
  
TABLE 3.4-1 CONT'D
COMPOUNDS ABOVE QUANTIFICATION
MUNICIPAL PLANT LEVELS AND CONCENTRATIONS
Owosso, MI (continued) Di—Z-ethyl phthalate: Sludge, 480—620 ppm
Chlordane: Influent, 0.04 ppb
Effluent, 0.12 ppb
a) Source: U.S. EPA — Region V
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 3.
5 DATA ON BENTHOS AND PLANKTON
Glooschenko
gt a1.
(12)
reported
that
PCBs
were
observed
at
quantifiable
levels
in
seston
at
all
but
one
station
in
Lake Huron during 1974.
At the remaining 14 stations,
PCB
concentrations
between
0.5
to
8.1 ppm were
found.
Dieldrin and p,p1 — DDE were found in trace amounts in
seston
at most
stations,
with
dieldrin
appearing more
frequently.
Seston masses were collected with a plankton
net which was
dragged
2 m
from
the bottom or
100 m
deep,
depending which was more shallow.
No organophosphorus
compounds were detected.
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 3.6
DATA ON FISH CONTAMINANTS
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ar
e
an
al
yz
ed
pr
im
ar
il
y
fo
r
me
rc
ur
y
an
d
PC
Bs
.
Or
ga
ni
c
sc
an
s
ar
e
al
so
ut
il
iz
ed
.
Wi
th
in
th
e
St
at
e
of
Mi
ch
ig
an
wa
te
rs
,
th
e
U.
S.
Fi
sh
an
d
Wi
ld
li
fe
Na
ti
on
al
Pe
st
ic
id
e
Pr
og
ra
m
de
te
rm
in
es
a
va
ri
et
y
of
pe
st
ic
id
es
and
me
rc
ur
y
in
fi
sh
fr
om
ar
ea
s
ne
ar
Ba
yp
or
t
and
Al
pe
na
.
Ta
bl
e
3.
6-
1
il
lu
st
ra
te
s
the
in
fo
rm
at
io
n
fr
om
th
e
Na
ti
on
al
Pe
st
ic
id
e
Pr
og
ra
m
on
La
ke
Hu
ro
n
fi
sh
du
ri
ng
19
74
(1
04
).
Al
so
th
e
GL
EC
S
pr
og
ra
m,
de
sc
ri
be
d
un
de
r
se
ct
io
n
1.
6
on
La
ke
Er
ie
fi
sh
da
ta
,
sa
mp
le
s
fi
sh
fr
om
6
re
gi
on
s
of
La
ke
Hu
ro
n
wh
ic
h
are
il
lu
st
ra
te
d
in
Fi
gu
re
3.
6—
1.
Ex
am
pl
es
of
in
fo
rm
at
io
n
fr
om
th
e
GL
EC
S
pr
og
ra
m
are shown in Table 3.6—2 (105).
Th
e
re
su
lt
s
of
th
e
ab
ov
e
pr
og
ra
ms
pl
us
se
ve
ra
l
ot
he
r
in
ve
st
ig
at
io
ns
,
we
re
in
te
gr
at
ed
in
th
e
UL
RG
re
po
rt
,
wi
th
in
wh
ic
h
th
er
e
ar
e
ex
te
ns
iv
e
di
sc
us
si
on
s
on
co
nt
am
in
an
ts
in
fi
sh
ti
ss
ue
.
So
me
of
th
e
ta
bl
es
fr
om
th
e
UL
RG
re
po
rt
(96
)
ar
e
pr
es
en
te
d
he
re
.
Ta
bl
e
3.
6—
3
sh
ow
s
th
e
re
su
lt
s
of
an
ef
fo
rt
to
ev
al
ua
te
th
e
co
nc
en
tr
at
io
ns
of
42
tr
ac
e
el
em
en
ts
in
bu
rb
ot
an
d
bl
oa
te
r
ch
ub
s
fr
om
La
ke
Hu
ro
n.
Ta
bl
es
3.
6—
4
to
3.
6—
9
sh
ow
th
e
co
nc
en
tr
at
io
ns
of
co
mm
on
ly
so
ug
ht
he
av
y
me
ta
ls
an
d
ch
lo
ri
na
te
d
or
ga
ni
cs
in
se
ve
ra
l
sp
ec
ie
s
of
La
ke
Hu
ro
n
fi
sh
.
Pr
ev
io
us
ly
un
re
co
gn
iz
ed
co
nt
am
in
an
ts
ar
e
al
so
sh
ow
n
in
Ta
bl
es
3.
6-
8
to
3.
6-
9,
in
cl
ud
in
g
co
mp
ou
nd
s
su
ch
as
oc
ta
ch
lo
ro
st
yr
en
e,
no
na
ch
lo
r
and
me
th
yl
be
nz
ot
hi
op
he
ne
.
Th
e
Ref
ere
nce
Gro
up
not
ed
tha
t:
"th
e
ide
nti
fic
ati
on
of
suc
h
a w
ide
ran
ge
of
org
ani
cs
was
not
ant
ici
pat
ed
in
the
se
fis
h".
"Of
gr
ea
te
st
co
nc
er
n
is
the
fa
ct
tha
t
ma
ny
of
th
es
e
co
mp
ou
nd
s
ar
e
no
te
d
for
the
ir
st
ab
le
ch
ar
ac
te
ri
st
ic
s
and
lon
g
liv
es
in
aqu
ati
c
sys
tem
s.
The
y
can
onl
y
be
att
rib
ute
d
to
pro
duc
ts
of
ma
n
and
hi
s
ac
ti
vi
ti
es
."
"It
is
ap
pa
re
nt
tha
t
La
ke
Hu
ro
n
is
be
in
g
co
nt
am
in
at
ed
wi
th
pe
rs
is
te
nt
to
xic
or
ga
ni
c
com
pou
nds
fro
m
ess
ent
ial
ly
unk
now
n
sou
rce
s."
Tab
le
3.6
—10
out
lin
es
add
iti
ona
l
dat
a
on
org
ani
c
con
tam
i—
nan
ts
in
Lak
e H
uro
n f
ish
tis
sue
(10
6—1
08)
.
Eff
ort
s t
o
det
ect
the
lam
pri
cid
e T
FM
(10
6)
and
mir
ex
(10
7),
sho
wed
the
abs
enc
e
of
the
se
com
pou
nds
in
Lak
e
Hur
on
fis
h
tis
sue
.
Tab
le
3.6
—ll
sho
ws
the
PBB
con
cen
tra
tio
ns
obs
erv
ed
in
the
Pin
e
Riv
er.
The
Pin
e R
ive
r
flo
ws
int
o
the
Tit
tab
awa
sse
e
Riv
er,
whi
ch
mee
ts
wit
h
the
Shi
awa
sse
e
Riv
er
whi
ch
eventually enters the Saginaw Bay.
A
PL
UA
RG
st
ud
y
(17
1)
de
te
rm
in
ed
or
ga
no
ch
lo
ri
ne
and
he
av
y
met
al
res
idu
es
in
shi
ner
s
fro
m t
he
Sau
gee
n
and
Not
taw
asa
ga
Ri
ve
rs
.
Th
e
co
nc
en
tr
at
io
ns
are
sh
ow
n
in
Ta
bl
es
1.6
-11
,
1.
6-
13
and
1.
6-
14
(La
ke
Er
ie
se
ct
io
n)
an
d
in
Ta
bl
es
3.
6—
12
and 3.6—13.
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1
Locality and Species
TABLE 3.6—1
NATIONAL PESTICIDE PROGRAM ANALYSIS OF LAKE HURON FISH
ug/g
Average
Length
Ncight
Lipids
Z
DDE
TDE
DDT
Total
Est.
inches
pvunds
DDT
PCB's
Dicldrin
Lake Huron
Bay Port, Mich.
Yellow Perch
Yellow Perch (R)
Carp
Carp (dup)
Channel Catfish
Lake Huron
Alpena, Mich.
Yellow Perch (4)
Yellow Perch (R) (3)
Yellow Perch (dup) (3)
White Sucker (3)
Lake Whitefish
9.6
0.38
4
9.54
0.42
5.
18.1
2.96
2
N
0.08
0.23
0.
0.14
0.19
0
6
0.08
5 0.10
8 0.34 0.04
O
Q
’
C
m
m
m
m
N
x
‘
f
C
y
\
{
I
17.14
1.98
q
m
q
m
c
\
T
\
‘
T
\
D
C
D
11.18
0.73
5 5
0.36
0.14
0.50
0.65
10.5
0.56
5 7
0.22
0.06
0.11
0.39
0.94
——
—4
5.4
0.19
0.06
0.10
0.35
0.73
17.66
2.17
5 3
0.07
0.05
0.03
0.15
0.46
17.32
1.8
10 0
0.22
0.22
0.06
0.06
0 .04
0.03
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1
9
3
Date
 
1974
1974
1974
1974
1974
19
74
19
74
1974
1974
1974
1974
1975
Zone
 
M
H
—
l
M
H
—
3
M
H
—
l
M
H
—
l
(a)
SEecies
Brown Trout
Brown Trout
Brown Trout
Ca
rp
Chinook
Salmon
Salmon
Suckers
Walleye
Yellow
Perch
Yellow
Perch
Yellow
Perch
Brown Trout
I Size
 
<3
3—5
<3
5—10
<13
>13
<9
>9
>9
<9
>9
<3
3-5
lb
s.
lbs.
lbs.
TABLE 3.6-2
SUMMARY OF GLECS LAKE HURON FISH
CONTAMINANT DATA PREPARED BY THE MICHIGAN DEPARTMENT OF AGRICULTURE
Number
t
o
\
‘
I
'
N
v
-
I
v
—
I
N
0
‘
1
6
2
0
3
2
14
Contaminant Level (ppm)
 
DDT
00.31
00.
58
00.
21
00.
79
00.2510.10
01.
14
00.54
00.
51
01.
26
00.13
00.56
01.52
00.
02
00.12
00.02
00.04
00.00
00.00:0.00
00.03:0.02
00.01:0.02
00.06:Q.04
00.36
00.83
P
C
B
00.35
01.09
00.26
01.93
01.06:0.54
04.30
01.29
00.
77
02.97
00.48
01.36
03.54
00.15
00.61
00.00
00.00
00.00
00.00
00.02:0.03
00.03:0.10
00.23:0.20
00.
64
01.70
Mercury
00.13
00.10
00.06
00.20
00.07:0.04
00.05
00.00
00.00
00.00
00.10
00.10
-00.34
00.
01
00.06
00.20
00.16:Q.05
00.17:0.05
00.33:0.10
00.15:0.06
00.04:0.00
00.17:0.00
00.
08
00.17
(continued)
Dieldrin
00.
01
00.02
00.02 .
00.05
00.00
00.
02
00.03
00.06
00.07
00.03
00.04
00.06
00.00
00.00
00.00
00.00
00.00
00.00
00.
02
00.00
00.00
00.03
00.05
 
1
9
4
  
Date
1975
1975
1975
1975
1975
1975
1975
1975
1975
1975
(a)
S ecies
Bro
wn
Tro
ut
C
a
r
p
C
a
r
p
Lake
Trout
Lake
Trout
Smelt
Smelt
Suc
ker
s
TA
BL
E
3.
6—
2
CO
NT
'D
Size
5—1
0
lbs
.
<5
lbs.
>5
lbs.
<5
lb
s.
>5
lbs.
<3
lbs.
3—5
lbs.
5-
10
lbs
.
N0 CA
TEGOR
Y
NO
CAT
EGO
RY
<16 in.
>16
in.
<17 in
17—2
0 in
.
>20
in
<17 in
17—2
0 in
.
>20
in
Se
e
Fi
gu
re
3.
6—
1
fo
r
zo
ne
de
si
gn
at
io
ns
Num
ber
1
3
5
m
H
Q
”
Con
tam
ina
nt
Lev
el
(Rp
m)
  
DDT
00.
53
00
.1
1
00.
39:
0.0
6
00.
22:
0.1
8
00
.7
2
00.
58:
0.2
7
01.
33:
0.2
8
00
.5
2
00
.4
8
00
.1
7
00.36
00.
45
00.
21
0
0
.
1
4
00
.2
4
00.
20
00.
24
00
.2
4
PCB
01.
14
00.
93
02.00
i0.57
00.
92i
0.8
6
02.
75
00.
99:
0.4
4
02.
16:
0.3
8
05.
70
00.69
00.
80
00.66
00
.5
9
00.23
00.
20
00.25
00.
23
00.
43
00.
38
Mer
cur
y
00.15
00
.0
7
00.
06j
p.0
0
00.16
:0.09
00.
08
00.
12:
0.0
0
00.
16:
0.0
2
00.
37
00
.0
7
00
.4
2
00.
07
00.
13
00.
05
00.
07
00.
06
00.
00
00.00
00.
00
Dieldrin
00.
03
00.00
00.00
i0.00
00.00
:0.00
00.
02
00.05
:0.00
00.08:0.00
00
.0
8
00
.0
2
00.
00
00.03
00.05
00.
05
00
.0
2
00.06
00.
06
00.
06
00.
08
 f
TABLE
3.6—3
TRACE
ELEMENTS
DETECTED
BY
SPARK
SOURCE
MASS
SPECTROMETRY
IN
WHOLE—FISH
SAMPLES
OF
BURBOT
AND
BLOATER
CHUB
FROM OPEN
WATERS OF LAKE HURON OFF GODERICH, ONTARIO
CONCENTRATION IN pg/g
 
ELEMENT
BURBOT
BLOATER CHUB
Lead
(Pb)
0.095
0.075
Neodymium (Nd) a a
Praseodymium (Pr)
a
0.020
Cerium (Ce) a a
Lanthanum (La) 0.025 0.060
Barium (Ba)
0.25
0.030
Cesium (Cs) 3 a
Iodine (I) 18 12
Tellurium
(Te)
0.050
a
Tin (Sn)
0.82
0.35
Indium
(In)
0.025
0.055
Cadmium (Cd) a 0.170
Silver (Ag)
0.060
0.080
Rhodium (Rh) a a
Molybdenum (M0) 0.030 a
Zirconium (Zr) a a
Strontium (Sr) 3.2 3.8
Rubidium (Rb) 2.4 2.2
Bromine (Br) 8.5 5.3
Selenium (Se) 0.19 0.28
Arsenic
(As)
0.005
0.013
Germanium (Ge) 0.16 1.3
Gallium (Ga)
0.02
0.12
Zinc (Zn) 16 25
Copper (Cu)
Nickel (Ni)
9
3
0
3
m
m
     
Cobalt (Co) 0.24 1.0
Iron (Fe) 22 11
Manganese (Mn) 1.7 2.4
Chromium (Cr) 0.68 1.8
Vanadium (V) 0.075 0.26
Titanium (Ti) 0.13 0.16
Scandium (Sc) 0.075 0.44
Aluminum (A1) a a
Fluorine (F) 0.83 0.27
Calcium (Ca) >54 >27
Potassium (K) >13 >6
Chlorine (Cl) >50 >20
Sulphur (S) >22 >60
Phosphorus (P) >26 >15
Magnesium (Mg) >22 >9
Sodium (Na) >25 >14
a. Not detected
   
 TABLE 3.6-4
MEA
N
CON
CEN
TRA
TIO
NS
(MO
/KO
WET
WEI
GHT
BAS
IS)
OF
SEL
ECT
ED
IN FISH COLLECTED FROM NEARSHORE LAKE HURON WATERS,
TRACE CONTAMINANTs
1974 AND 1975
        
 
  
 
LOCAT
ION
SPECI
ES
DDT
PCB
DIELD
RIN
Hg
Cu
Cd
MICHIGAN
Detec
tion
Limit
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
Hammo
nd B
ay
Brown
Trout
0.57
1.13
0.02
0.13
0.74
3.46
0.11
0.03
Perch
b
h
b
0.31
0.56
4.60
0.26
0.10
Rainbo
w Tro
ut
0.32
0.94
0.03
0.10
0.61
3.78
0.07
0.03
Walley
e
0.03
b
b
0.17
0.28
3.80
0.23
0.30
Whitefish 0.26 b 0.05 0.04 0.64 3.59 0.71 b
Alpena
1974
Brown
Trout
0.50
1.10
0.04
0.13
0.33
2.90
0.10
0.01
Chinook 0.97 2.31 0.05 0.22
Perch 0.03 b (0.01 0.15 0.37 4.69 0.18 0.03
Whitefish 0.35 0.34 0.05 0.01
1975
Perch
0.04
0.13
h
0.26
0.29
8.12
0.77
0.04
Tawas City 1974 Whitefish 0.12 0.22 0.03 0.03
1975 Perch 07 0.20 b 0.27 0.27 7.64 0.38 0.03
Harbor Beach Perch 0.13 0.30 b 0.34 0.31 7.70 0.40 0.03
Lexington Perch 0.05 0.13 b 0.33 0.24 7.12 0.32 0.03
ONTARIO
Detection Limit 0.001 0.001 0.001 0.01 0.01 0.01 0.5 0.2
Goderich Perch 0.017 0.089 0.002 0.22 0.41 6.50 <0.5 <0.2
Rainbow Trout 0.485 1.943 0.045 0.18 0.68 4.92 <0.5 <0.2
White Sucker 0.261 0.606 0.034 0.14 0.75 6.57 <0.5 <0.2
Douglas Point Rainbow Trout 0.549 2.179 0.035 0.16 0.75 4.85 <0.5 <0.2
White Sucker 0.112 0.356 0.009 0.23 0.64 6.32 <0.5 <0.2
Northern Pike 0.148 0.515 0.004 0.40 0.39 5.84 <0.5 <0.2
Owen Sound Perch 0.037 0.189 0.003 0.29 0.59 7.53 <0.5 <0.2
Rainbow Trout 0.338 1.073 0.036 0.19 0.65 6.42 <0.5 <0.2
White Sucker 0.325 0.693 0.031 0.11 0.61 6.65 <0.5 <0.2
Thornbury Perch 0.017 0.093 0.002 0.22 0.45 6.90 <0.5 <0.2
Rainbow Trout 0.376 0.910 0.030 0.20 0.57 6.43 <0.5 <0.2
White Sucker 0.323 0.562 0.023 0.10 0.62 7.70 <0.5 <0.2
Nottawasaga Perch 0.040 0.183 0.003 0.32 0.64 4.30 <0.5 <0.2
Rainbow Trout 0.415 1.207 0.034 0.18 0.53 5.09 <0.5 <0.2
Walleye 0.351 0.827 0.010 0.57 0.37 4.30 <0.5 <0.2
White Sucker 0.723 1.153 0.051 0.16 0.74 6.27 <0.5 <0.2
Penetang-Midland Perch 0.024 0.115 0.002 0.27 0.60 7.15 <0.5 <0.2
Walleye 0.114 0.258 0.004 0.46 0.46 4.43 <0.5 <0.2
Rock Bass 0.011 0.074 0.002 0.17 0.55 7.43 <0.5 <0.2
Spanish River Perch 0.007 0.046 ~<0.001 0.27 0.60 6.23 <0.5 <0.2
White Sucker 0.037 0.131 0.003 0.06 0.57 6.70 <0.5 <0.2
Northern Pike 0.024 0.114 <0.001 0.25 0.46 5.20 <0.5 <0.2
Serpent River Perch 0.027 0.149 0.002 0.31 0.54 7.26 <0.5 <0.2
White Sucker 0.043 0.125 0.004 0.04 0.66 5.78 <0.5 <0.2
Northern Pike 0.085 0.266 0.001 0.40 0.49 6.45 <0.5 <0.2
Lake George Perch 0.003 0.068 0.001 0.23 0.55 5.73 <0.5 <0.2
White Sucker 0.073 0.194 0.004 0.13 0.64 5.55 <0.5 <0.2
Northern Pike 0.024 0.096 b 0.02 0.41 4.99 <0.5 <0.2
b. Not detected.
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 TABLE
3.6—5
MEAN CONCENTRATIONS OF TRACE METALS AND ORGANIC CONTAMINANTS
(UG/G) AND FAT (Z) IN BURBOT (WHOLE FISH)
FROM THE OPEN WATERS OF LAKE HURONa’b
Compound
Lonely Island
Goderich
Straits of
Lake average
or element
Mackinac
(unweighted)
N:
15
52
50
n
10
10
10
Fat
(0.52)
(0.15)
Total PCB
(0.19)
(0.05)
Total DDT
(0.35)
(0.05)
op' DDT
(0.02)
(0.005)
op' DDE
(0.005)
(0.005)
pp' DDT
(0.07)
(0.02)
pp' DDE
(0.22)
(0.02)
pp' DDD
(0.03)
(0.01)
Dieldrin
(0.008)
(0.01)
Lindane
(0.01)
Chlordane
(0.01)
Methoxychlor
Mercury
0.11
(0.008)
Arsenic
Ca
dm
iu
m
Chromium
Copper
Lead
Selenium
Zinc
(0.35)
(0.31)
(0.26)
(0.01)
(0.002)
(0.08)
(0.15)
(
0
.
0
2
)
(0.01)
(0.006)
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a.
The number in parentheses is the standard error of the mean.
b.
No burbot were collected at Duck Island, Harbor Beach, and Alpena.
c. Number of individual fish.
d. Number of composites analyzed.
    
  
TABLE 3.6—6
MEAN CO
NCENTRA
TIONS OF
TRACE ME
TALS AND
ORGANIC
CONTAMI
NANTS
(pG/G) A
ND FAT
(%) IN B
LOATER C
HUBS (W
HOLE FIS
H)
FROM THE
OPEN WAT
ERS OF
LAKE HUR
ONa’b
Compound
Duck Island Lo
nely Island Go
derich
Alpena Stra
its of Lake av
erage
or element Mackinac (unweighted)
N:
53 4
2 so
14 29
n
10
10
10
10
10
Fat
21 (0.88)
9 (0.44) 2
0 (0.66) 21
(1.1) 22 (
1.1)
Total PCB
1.25 (0.22) 0.
89 (0.10) 1.
48 (0.12) 2.6
1 (0.21) 1.68
(0.26) 1.58
Total DDT
1.46 (0.06) 2
.17 (0.21) 2
.75 (0.53) 4.
37 (0.45) 3.5
2 (0.51) 2.
85
\ op' DDT 0.16 (0.02) 0.16 (0.01) 0.33 (0.07) 0.40 (0.04) 0.34 (0.04) 0.28
op' DDE 0.06 (0.007) 0.03 (0.004) 0.28 (0.04) 0.08 (0.01) 0.07 (0.01) 0.10
pp' DDT 0.42 (0.07) 0.76 (0.06) 0.86 (0.22) 1.60 (0.18) 1.18 (0.02) 0.96
pp' DDE 0.70 (0.07) 1.11 (0.12) 1.02 (0.17) 2.05 (0.25) 1.69 (0.26) 1.31
pp' DDD 0.12 (0.01) 0.11 (0.02) 0.26 (0.03) 0.24 (0.02) 0.24 (0.05) 0.19
Dieldrin 0.18 (0.01) 0.08 (0.008) 0.38 (0.04) 0.20 (0.02) 0.29 (0.04) 0.28
Lindane 0.03 (0.003) 0.04 (0.01) 0.04
Chlordane 0.49 (0.05) , 0.30 (0.04) 0.40
Methoxychlor <0.05 <0.05
Mercury '0.05 (0.003) 0.17 (0.008) 0.08 (0.003) 0.10 (0.004) 0.11 (0.005) 0.10
I Arsenic 1.72 (0.07) 2.26 (0.13) 1.99
Cadmium 0.02 (0.002) 0.04 (0.004) 0.03
Chromium
0.02 (0.002)
0.05 (0.005) 0.04
Copper 0.69 (0.03) 0.79 (0.03) 0.74
Lead . 0.06 (0.003) 0.10 (0.01) 0.08
Selenium 0.63 (0.02) 0.56 (0.02) 0.60
Zinc
17.0 (0.74)
15.6 (0.74) 16.3
1
9
8
      
a. The number in parentheses is the standard error of the mean.
b. No bloater chubs were collected at Harbor Beach.
c. Number of in
dividual fish.
d. Number of composites analyzed.
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TABLE 3.6—7
(UG/G) AND FAT (%) IN SLIMY SCULPINS (WHOLE FISH)
FROM THE OPEN WATERS OF LAKE HURONa’b
MEAN CONCENTRATIONS OF TRACE METALS AND ORGANIC CONTAMINANTS
Compound
or
element
Duck Island Lonely Island Harbor Beach
Alpena Straits of
Mackinac
Lake average
(unweighted)
c
Nd
n
F
a
t
Total PCB
Total DDT
op'
DDT
op'
DDE
pp' DDT
pp' DDE
pp' DDD
Dieldrin
Lindane
Chlo
rdan
e
Met
hox
ych
lor
Mercury
Ars
eni
c
Cad
miu
m
Chromium
Copper
Lead
Selenium
Zinc
 
51
10
(0.45)
(0.04)
(0.03)
(0.009)
(0.002)
(0.01)
(0.01)
(0.004)
(0.01)
N
O
O
M
r
-
I
O
O
Q
'
m
O
H
O
N
N
O
r
—
l
0
0
0
0
0
0
0
0
0
0.06 (0.004)
 
47
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0
(0.36)
(0.21)
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(0.03)
(0.
02)
(0.004)
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T
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0
0
0
0
0
0
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0
(0.62)
(0.07)
(0.10)
(
0
.
0
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)
(0.006)
(0.04)
(
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.
0
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)
(0.007)
(0.
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(0.
14)
(0.03)
(0.006)
(0.003)
(0.02)
(0.01)
(0.004)
(0.008)
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a. The number in parentheses is the standard error of the mean.
b. No slimy sculpins were collected at Goderich.
c. Number of individual fish.
d. Number of composites analyzed.
   
 TABLE 3.6-8
CO
NT
AM
IN
AN
TS
ME
AS
UR
ED
IN
FI
SH
FR
OM
NE
AR
SH
OR
E
LAKE HURON WATERSa
Heptachlor~heptachlor epoxide
Dieldrin
Aldrin
Lindane
Endrin
DDT
DDD
DDE
Chlordane
Methoxychlor
Polychlorinated biphenyl (PCB)
Polybrominated biphenyl
Hexachlorobutadiene
Hexachlorobenzene
Dibutylphthalate
Diethylhexylphthalate
Copper
Nickel
Lead
Zinc
Cadmium
Manganese
Arsenic
Chromium
Selenium
Mercury
Gross a
Cross 8
Individual fish
Composite
Fillets
Ontario Michigan
A
A A
A
A A
A
A A
A A
A A
A A
A
A A
A
A
A
A
A
A A
A A
A A
A A
A A
A
A A
A A
A
A A
A
A
A
A A
A A
  
a. Information from Reference 95,
200
  
 TABLE 3.6-9
ORGANIC COMPOUNDS (NONIONIC) DETECTED (+) AND NOT DETECTED (-)
BY COMBINED GAS CHROMATOGRAPHY - MASS SPECTROMETRY IN WHOLE—
FISH SAMPLES OF BURBOT FROM OPEN WATERS OF LAKE HURON
    
COMPOUND ESTIMATED STRAITS OF GODERICH
CONCENTRATION MACKINAC
RANGE DETECTED
(Hg/g)
Biphenyl 0.01-O.l — +
Naphthalene and methyl naphthalenes O Ol_0 5 + +
Phenanthrene and methyl phenanthrenes ' ' + +
Diethyl phthalate + +
Dibutyl phthalate 0.0l—O.l + +
Di—2—ethyl hexylphthalate + +
Trichlorobenzene + +
Tetrachlorobenzene - +
Pentachlorobenzene O°Ol_0’5 - +
-Hexachlorobenzene + +
Chlorobiphenyl (tri- through octachloro PCB's) + +
Octachlorostyrene 0.00l-0.0l - +
l,2,3,4,5,6—Hexachlorocyclohexane
(alpha isomer) <O.l — -
(gamma isomer) <O.l — —
Heptachlor epoxide 0.1-1.0 + —
Chlordane (cis- and trans—) 0.1—1.0 + +
Nonachlor (cisv and trans—) 0.1—1.0 + +
Oxychlordane 0.01—O.l + —
Dieldrin <O.l — -
pp' DDT 1-10 + +
op' DDE 0 1—1.0 + -
pp' DDE 1-10 + +
pp' DDD 0.1—1.0 + +
pp' DDMu <0.0l - -
Toxaphene components (C10H8C17,8,trans—) 0.1—1.0 + -
Methylbenzothiophene ' 0.01—0 1 - +
 
 
 TABLE 3.6—10
ADDITIONAL DATA ON ORGANIC CONTAMINANTS IN
LAKE HURON BASIN FISH TISSUE
  
Date and Contaminant Identified or
Locat
ion
Speci
es
Sough
t an
d Con
cent
rati
on
§ggg
gg
1973 — Hammond Bay Chinook TFM (none detected) 106
Salmon
1977 — Saginaw River ? Dichlorobenzene, trichlorobenzene 108
tetrachlorobenzene, pentach1orobenzene,
hexachlorobenzene, heptrachlorostyrene,
octachlorostyrene, pentachloroanisole,
pentachlorophenol, cis—chlordane,
trans—chlordane, trans—nonachlor,
cis—nonachlor, DDT, DDE
1976 — Georgian Bay Rainbow Mirex (not detected) 107
Nottawasaga Trout
River
1976 — Saugeen River Rainbow PCB - 1.50 ppm 107
Trout (0.25—4.10 ppm)
1976 — Saugeen River Chinook PCB - 2.8 ppm 107
Salmon (0.6-4.8 ppm)
1978 — Saginaw and ? PCB — 2.1 ppm 162
Tittabawasse PBB — 2.8 ppm
Rivers TCDD — 0.01—.02 ppb
‘ TABLE 3.6—11
PBB IN PINE RIVER FISH, 1974 AND 1976
a
PBB concn. mg/kg
Alma St. Louis Bagley Nagruddeg Prairie b
Year Species Reservoir Reservoir(o) Road(6) Road(12) Road(29)
(Above Mich. ‘
Chemical Corp.)
1974 Carp ND ND 0.87 0.19 0.26
1.33 1.26 0.09
0.85
White Sucker ND 0.67
Northern Pike ND 0.54
Bullhead ND 0.45 0.78
1976 Carp ND 0.75 0.40 0.22 0.06
0.68 0.10
Northern pike ND 0.18 0.23
Largemouth bass ND 0.74 0.19 ND
Smallmouth bass 0.13
Rockbass O 70 0.50 0.32
(a) Wet weight, skinless fillets, composite samples.
(b)
(c) None detected
Distance below Michigan Chemical Corporation (miles)
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Table
3.6-1
2
HEAVY METAL RESIDUES FOUND IN OTHER MINNOWS COLLECTED 1977 (pg/g)
(ME
ANS
AND
95% CONFIDENCE LIMITS)
SITE LOCATION Fish
Species
Sample
Nd.
Length
T.L.
(mm)
Lipid
H9
Pb
As
GEORGIAN BAY
Nottawasaga River
LAKE HURON
Saugeen River
Saugeen River
LAKE ONTAPIQ
Humber River
Salmon River
emerald
shiners
emerald
shiners
common
shiners
emerald
shiners
golden
shiners
1
0
10
1
0
10
10
83i3
81:3
58:2
70:2
lOtl
Sil
0.048i0.004
0.084:0.03
0.094i0.008
0.066t0.003
0.023:0.003
1.35:0.4
—*
39:8
_*
_
*
0.18i0.
O6
*not analyzed for
 
2
0
4
 
T
a
b
l
e
3
.
6
-
1
3
ORGA
NOCH
LORI
NE C
ONTA
MINA
NT R
ESID
UES
FOUN
D IN
OTHE
R MI
NNOW
S CO
LLEC
TED,
1977
(ng/
g)
(MEA
NS A
ND 9
5% C
ONFI
DENC
E LI
MITS
)
 
SITE
LOCA
TION
Fish
Samp
le
Leng
th
%
Lin-
Hept
a- H
epta
_
Diel
- E
nd—
Chlo
rdan
e
Speci
es
No.
T.L.
Lipid
PCB
ZDDT
Mirex
HCB
XBHC
dano
BBHC
chlor
Chlor
Aldri
n d
rin
rin
(mm)
Dpox
-
X
Y
1
d
e
GEORGI
AN BA
Y
Nott
awas
aga
R.
emer
ald
10
83:3
10:1
241:7
2 1
60:9
ND
ND
7:1
1:1
ND
ND
3:0.4
ND
12:5
4:2
3:1
14:2
Shiner
LAKE
HURON
Sauge
en R.
emer
ald
10
81:3
6:1
188:2
3 1
00:18
ND
ND
2:1
2:2
ND
ND
1:1
ND
ND
ND
16:5
ND
Shi
ner
Saugee
n R.
common
10
54:2
5:1
182:39
60:19
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND 1
2:6
ND
Shi
ner
LAKE
ONTARI
O
Humbe
r Ri
ver
emer
ald
10
58:2
7:0.4
1090:
79
289:2
6 1
3:1
14:2
50:11
6:2
ND
ND
2:0.3
ND
17:1
3:1
4:1
41:6
Shi
ner
Salmon
River
golden
10
70:2
4:0.2
144:61
45:9
ND
ND
3:1
ND
ND
ND N
D
ND
ND
ND
2:2 12
:3
shiner
ND = no
n detec
table
 
   
3.7 DATA ON WILDLIFE
Table 3.7-1 illustrates the concentrations of PBB found in ducks
from the Pine River.
Table 3.7—2 shows the contaminant levels
found in Lake Huron herring gull eggs (74).
In 1977, investigators
found that PCB residues increased from 1975 levels and there have
not been any significant changes in the levels of other contaminants.
TABLE 3.7—l
PBB
IN DUCKS
COLLECTED
FROM THE PINE
RIVER WITHIN
2 MILES
DOWNSTREAM FROM ST. LOUIS
PPB in Breast Tissue
Number (whole weight), mg/kg
in
Species
Year
Sample
With
Skin
Skinless
Mallard
1974
3
—
0.25
1976
3
2 00
0.24
1977
—
-
-
Wood Duck
1974
3
-
0.29
1976 4 2.70 0.17
1977
4
0 23
0.08
Teal
1974
3
—
1.8
1976
—
-
-
1977 1 ND ND
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TAB
LE
3.7
-2
ANA
LYS
ES
FOR
ORG
ANI
C
CON
TAM
INA
NTS
IN
LAK
E
HUR
ON
WIL
DLI
FE
(mg/k
g fr
esh
weig
ht)
HEPT
A-
OXY—
PCBs
SAMP
LING
N0.
PORT
ION
DIEL
— C
HLOR
CHLO
R—
AROC
LOR
PHOT
O
DATE
SITE
SAMPL
ES S
PECIE
S AN
ALYZE
D M
IREX
DDE
DDD
DDT
DRIN
EPOXI
DE
BHC
HCB
DANE
PCBs
1260
MIREX
SOURC
E
1975
Doubl
e Isl
and-
10
Herri
ng
eggs
.55:.
67
thQ
—
.05:.
03 .
4:.2
.09:.
05
V —
.3:.0
4 —
~
35:11
74
gulls
1977
Doubl
e Isl
and
10
"
"
5535
7
19i15
.26i.
12.09
:.02
.532
— «
1530
2213
05
—
—
66:42
.22:.
2o
74
1975
Chant
y Isl
and
10
Herri
ng
eggs
.48:.
56
12:4
.02i.
03 .0
4:.03
.3+.2
.07i.
03
— .
09:.0
3 —
—
30:13
74
gulls
\
T
1977
Chant
y Isl
and
10
"
"
34:2
2
13:5
.23:.
08 .
09305
.6+.3
— .
04:.o
3 .17
:.08
—
—
53:14
.14i.
08
7
pg
1975
-5
Lake
Huro
n
40
Herr
ing
eggs
0.56
13.8
0.10
0.08
0.41
0.12
0.14
—
51.5
73
C3
gulls
.06—6
.92 S
.4—41
.9 TR
—.38
.Ol—.
3Z .l
3—.87
.04—.
26
.05—.
42
15.4-
118
 
 @lﬂlﬂ SIII'HIIIIII BASIN
As in the case of Lake Huron water quality data, extensive data on Lake
Superior was compiled by the Upper Lakes Reference Group (ULRG) and
subsequently reported to the International Joint Commission in July 1977
(109). Most of the data reported in this chapter was obtained from the
ULRG report, as well as data submitted by various government agencies,
and recent reports of several research investigators.
4.1 DATA ON WATER QUALITY
Heavy Metals
Since 1970, several lake—wide chemical monitoring cruises on Lake
Superior have occurred, resulting in assessments of concentrations
of major ions, nutrients, trace metals and organic contaminants.
The concentrations of heavy metals determined during these cruises
and during several nearshore studies are shown in Table 4.1—1. In
1970-71, Chan and Saitoh (4)'determined the distributions of total
mercury in the surface and bottom waters of Lake Superior, which are
shown in Figures 4.1—1 and 4.1—2. The results of four separate
cruises from 1970—76, are shown in Table 4.1—2 (109). Histograms of
trace metal concentrations determined in the open waters during 1973
are noted in Figure 4.1—3. Analyses for trace metals in waters of
Lake Superior nearshore areas are shown in Tables 4.1—1 and 4.1—3
(98, 109, 110).
The waters of 16 tributaries to Lake Superior were studied during
1971—72 by Wagner and Lemire (Ill). The result of their analyses for
filterable metals in waters are shown in Table 4.1—4. Total loadings
of metals to Lake Superior via tributaries, as calculated by the ULRG,
are given in Table 4.1—5. Additional tributary data was obtained
from STORET data system (110).
The Upper Lakes Reference Group, on the basis of its data on metal
levels in Lake Superior waters, reported that "cadmium, chromium and
cobalt are rarely present above the detection limit of 0.2 Ug/L."
Other elements such as copper, nickel, zinc and lead are uniformly
low. With regard to copper, "in the nearshore areas, elevated mean
concentrations of copper were found in unfiltered water samples from
the Upper or Lower Portage Entries (7.0 and 4.2 ug/L respectively)."
Elevated copper concentrations at those locations as well as within
207
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TAB
LE
4.1
—1
HEAVY METAL
CONCENTRATIO
NS IN WATERS
OF LAKE SUPE
RIOR
ppb
(us
/l)
(a)
No.
‘
Informat
ion
Date
Stations
Samples
As
Cd
Cr
Co Cu
Pb
Hg
Mo
Ni
Se
Ag
V
Zn Sour
ce
1970-71
Lakewide
226
.l8t.l3
(See Fig
ures
(0- _47)
4
4.1-
1 an
d 4.
1-2)
1970-76
Lakewide
24
./
/
./
/
/
/
/ 10
9
(See Table4.l-2)
1974
Black Ri
ver
3:3
<5
9f16
98
1974
Ontonago
n
24
3:3
<5
7t13
98
1974
Upper Po
rtage
12
3f2
<5
4t2
98
Entry
1974
Lower P
ortage
12
8:7
<5
6f6
98
Entry -
1974 Eag
le Harbor
12
6t5 <5
7:9 98
1974 Isl
e Royale
10
4f3 <5
5f3 98
2
0
9
1974 Big
Bay
24
6f4 <5
llf6 98
1974
Presque
Isle
24
4:3
<5
10:6
98
1974
Carp Riv
er
24
3f3
<5
9f7
98
1974 Mun
ising
24
3:1 <5
10:4 9
8
1974 Gra
nd Marais
24 '
3-1-1 <5
10f9 98
1974 Whlteflsh P01nt 24 3:3 <5 8+4 98
1975 13
Stations
/ /
/
/ /
/
/
/ 98
,109
(See Table 4.1—3)
(nearshore)
(b)
1973
-77
Iron
wood
Twp.
9
<.1—
2
Mouth,
Montre
al Riv
er
(b)
.1
—6
<.
2—
.2
<5
—3
0
<1
_3
<1
-3
(b
)
8_
36
(b
)
11
0
(b)
(b)
1973-7
7 Whi
tefish
Twp.
9
<1-4(b)
<1—6
<.1—1.
3
8—9
<1—2
<1—2
6—55(b
) 11
0
Mouth,
Tahq
uame
non
Rive
r
(b)
1973-7
7 Mun
ising
UT?
8
<1
.2—1
<1—11(
b) <.
1—1.2
- 2
—4
<2
<1
160-18
5 1
10
Water
Intak
e
1973
-77
Whit
e Pi
ne
10
<.2—
1 <
.1—1
<1—3
9
,4_2
o
<1_3
<.1—
1
—
<5_1
1
<2
(1-2
(b)
1-36
(b)
110
Mine, WTP
Water Intake
 
(a) "to
tal" unl
ess othe
rwise sp
ecified
(b) dissolved fraction
 
 MERCURY IN THE INTERNATIONAL GREAT LAKES
 
F'G- 4~1'1 The average distribution 01' total mercury in the surface waters of Lake Superior (1970-
1971t. Dots represent sampling stations,
Ht; m /i
  
  
t‘ti
HQ 4-1-2 The average distribution of total mercury in the bottom waters of Lake Superior (1970-
1971). Dots represent sampling stations.
TABLE 4.1-2
MEAN
CONCENTRATIONS
OF
HEAVY
METALS
IN
LAKE
SUPERIOR,
BY
CRUISEa
            
[Cd
Cr
Co
Cu
Fe
Pb
Mn
Hg
Ni
Zn
1
1970
Apr. 15—23
—
—
0.55
2.11
5.81
1.54
0.33
4.5
Oct.26—Nov.10
'
-
—
1.8
4.8
1.8
—
—
1971
May 25—June 2
0.37
0.23
—
6.95
3.02
1.29
0.35
1.26
14.4
June 30—July 7
0.40
—
—
2.00
1.69
1.42
0.28
1.00
4.1
Oct. 5—13
—
0.27
—
6.52
1.69
1.19
0.40
-
8.0
1973
May 12—22
—
—
—
3.17
3.14
—
0.43
0.10
1.01
8.5
June 16—27
0.30
-
—
2.59
2.64
1.00
0.41
0.05
3.83
16.2
July 27—Aug.7
—
-
-
1.93
1.66
—
0.32
0.09
1.13
20.7
Sept. 6—16
—
—
-
0.72
2.17
—
0.33
’O.O7
—
8.0
Oct.
14—25
—
—
—
1.24
1.14
-
—
0.06
—
11.3
Nov. 14—28
—
0.25
—
4.95
1.16
1.75
0.34
0.05
2.42
25.8
1976
June 7-19
0.95
1.23
1.00
1.00
3.3
a. Spaces left blank indicate no analyses were done. The dash (—) indicates
below detection limit. Concentrations in ug/l. All samples filtered except
for Hg.
 
        
l
N
B
O
H
S
d
2
1
2
  
CONCENTRA
TION (pg/ﬂ
)
 
FI
GU
RE
4.
1-
3
»
HI
ST
OG
RA
MS
OF
TR
AC
E
ME
TA
L
CO
NC
EN
TR
AT
IO
NS
IN
TH
E
OP
EN
WA
TE
RS
OF
LA
KE
SU
PE
RI
OR
J1
97
3.
CON
CEN
TRA
TIO
N (
pg/
1)
The
car
et
den
ote
s t
he
ana
lyt
ica
l d
ete
cti
on
lim
it.
  
AA
AA.
‘
._.
M
._
.
.
v
V
,
.vr,
,
.
W?”
J"
.1
ANN
“.
 
    
4 1
1 .
E
h TABLE 4.1-3
1 $
HEAVY METALS IN LAKE SUPERIOR WATERS
[ SAMPLE cONCENTRATION IN uglid
‘ ‘ LocATION TYPB‘ nbvc As Cd Cr Cu Fe e Mn N1 Pb §g___
* BLACK RIVER UF ~1 0.9 0.09 0.5 1.7 19 <0.02 0.6 <0.8 0.5 <2.3
1 F 1 0.9 f <0.4 0 8 0.8 0.3 <0 8 <0.2 f
ONTONAGON UF 1 0.9 0.15 0.4 1.5 30 <0.02 0.6 <0.8 0.4 <1.6
F 1 0.6 f <0 3 1.0 2 0 f <0 8 <0.2 f
u. PORTAGE ENTRY u? 1 0.8 0.04 <0.3 1.3 43 <0.02 0.6 <0.9 0.2 <1.7
F 1 0.7 <0.03 <0.3 9 0.6 o 3 <0.8 <0.2 f
1 'ﬂ L. PORTAGE ENTRY UF 1 0.8 0.11 0.3 1.9 8.9 <0.02 0.6 <0.8 0.3 4.4
31 F 1 0 7 0.11 <0.03 0.8 <1.4 f <0.8 <0.2 f
L
1
i EAGLE uARDOR 02 2 0.3 0.2 <2.0
-g 0.8 0.11 <0.3 1.2 46 <0.02 0.8 <0.8 <0.2 <1.5
.
F
2
0.8
g 0.7 0.04 <0.3 0.7 <0.5 0.2 <0.8 <0.2 1.3
l l 810 EAY UF 2 <2.7
»f 0.9 0.16 1.0 2.0 10.0 <0.02 0.5 <0.8 0.4 2.6
. L F 2 L6 OJ
1.1 0.09 0.3 1.2 <0.5 <0.1 <0.8 <0.2 f
Lu.
‘5;. HARQUETTB EAREOR UF 2 0.08 0.4 <2.5
1~“; 0.9 <0.04 0.4 1.1 20.1 <0.02 1.4 <0.8 <0.2 <1.8
Ev
2
2
011
<Ll
06
<02
51 1.2 <0.03 <0.3 <1.0 <0.5 0.1 <0.8 <0.2 f
‘3, CARP RIVER UF 1 0.7 0.06 <0.3 1.3 6.0 <0.02 0.6 <0.8 0.4 <1.0
" P 1 0.7 f <0.3 1 1.2 0.5 <0.8 <0 2 f
PRESQUE ISLE ’ UF 1 0.7 0.05 <0.3 0.9 7 0 <0.02 0.3 <0.8 <0.3 <1.1
F 1 0.6 r f 0.5 <0 5 f <0.8 <0 2 t
HUNISING
UF 1
0.8
0.06
0.5
1 7
8.6 <0.02 0.7 <0.0
0.4 <2.1
F 1 0.7 <0.03 <0.4 0 6 1.7 f <0.8 <0.2 <1.0
cmmnnumm UP 2 04 ' Ll
0.8(8) 0.27(8) <0.3(8) 1.9(8) 5.2(8) <0.03 0.4(8) <0.8(9) <0.6(8) <2.7(8)
F 2 <0.4 <1.6 <1.7 0.4 <4.0
0.7(3) 0.17(3) <1.0(3) <1.0(3) <0.7(3) <0.05(3) <0.8(3) <0.2(3)' <3.0(3)
HEITBFISH POINT
UF 1
0.8(5) 0.08(5) 0.4(5)
1.0(5) 10.3(5) <0.04 0.5(5) <0.9(5) 0.4(5) 2.4(5)
F . 1 0.7(2) 0.03(2) <0.3(2) <1.6(2) 1.5(2) f <0.8(2) <0.2(2) 0.7(2)
CASCADE RIVER UF+F 20 7.7 0.05 4.6 0.22 2.0 5.5 0.4
<1.0 <0.01 <0.3 1.5 12.9 <0.10 0.08 <1.0 <0.1 3.5
GOOSEBERRY RIVER
UF+F
22
3.9
<0.05
3.5
0.17
3.5
<0.2
<1.0 <0.01 <0.2 1.7 91 <0.10 4.0 <1.0(21) <0.1 6.6
DULUTH UF+F 24 3.1 0.22 4.0 0.15 6.3 4.5
<1.0(23) <0.01 <0.3 1.5(23) 127 <0.10 4.6(23) <1.0 <0.1 10.1
MINNESOTA POINT UT 2 f 2 10 15 420 0.3 £ 10 10 280
MIDDLE RIVER UP 2 f 2 30 10 500 0.3 f 10 10 20
ASELAND OF 2 f 2 1o 6 240 0.3 f 10 1o 10
SAxON EAREOR UF 2 f 2 20 7 120 = 0.3 f 10 10 10
              
5. UP: unfiltered; F: filtered (0.1 pm mbrane); UF+F: mean includes both sample types.
13. For Michigan data, each UF sample (n) represents a composite of three individual samples.
c. If the nunber of sample is different from n shown, the total number of individual samples is shown in brackets after the individual
result for the parameter.
d. If two values are shown, a mean could not be obtained and the range is shown.
_ e. Michigan Data-mercury analysis was carried out on a single unfiltered sample for each location.
,1?
f" f. Data not available.
it, .
g;
‘L, 213
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197
1-7
2
2
1
4
19
73
—7
7
197
3—77
197
4—7
6
197
3-7
7
Station
No.
Sam
ple
s
As
TA
BL
E
4.
1-
4
HEA
VY
MET
ALS
IN
WAT
ERS
0F
TRI
BUT
ARI
ES
T0
LAK
E S
UPE
RIO
R
Cd
Cr
Co
Cu
Pb
Hg
 
(ug/L
)<a)
N
i
Se
Ag
 
RIV
ER
(b)
St.
Lou
is
Lester
Knife
Ste
war
t
Spl
it
Roc
k
Bea
ver
Baptism
Manitou
Caribou
Cro
ss
Tempe
rance
Cascade
Devil'
s Trac
k
Bru
le
Re
se
rv
at
io
n
Pig
eon
Min
era
l
R.
Ca
rp
La
ke
Tw
p
On
to
na
go
n
R.
On
to
na
go
n
Tw
p
Ont
ona
gon
R
Ro
ck
la
nd
Tw
p
Pre
squ
e I
sle
R
Wak
efi
eld
Twp
13
1
3
1
3
13
l3
13
1
3
1
3
13
1
2
13
13
13
13
13
1
2
10
<l
—7
(b
)
8
0.5
—1(
b)
8
0.
3-
0.
4
(b)
0.5
(<
0.
2—
l.
8)
0.2
(<0
.2—
0.4
)
0.
3
(<O.2
—0.8)
0.2
(<
0.
2—
0.
4)
0.
2
(<0
.2—
0.5
)
0
.
2
(<0.2
—0.3)
0.
2
(<0.2
—0.3)
0.
2
(<0.
2—O.
5)
2.
1
2
(1
.3
—3
.1
)(
4-
5)
3.3
2
(2
.4
—6
.4
)(
4—
5)
2.4 l
(2.
1—6
.1)
(<1
-4)
2.4
2
(1.7—4
.2)(4—
3)
2.0
2
(0
.9
-3
.6
)(
4—
3)
2.0
1
(0.
9—3
.2)
(<l
—3)
1.4
2
(<0.
5—2.
3)(<
1—5)
1.0
1
(<0
.5—
1.4
)(<
1—5
)
1.2
1
(<O
.5—
2,3
)(<
1—2
)
1.1
1
(0.
7—1
.8)
(“1
—3)
<
0
.
2
0.
2
(<0.2
—0.4)
1.
4
1
(<0
.5—
2.4
)(<
1—4
)
1.3
1
(<0
.5—
2.2
)(<
1—4
)
1.3
l
(<0
.5—
l.9
)(<
1—2
)
1.3
1
(<0
.5—
2.0
)(<
1-4
)
2.8
1
(<
0.
5—
4.
4
(<
1—
2)
1.5
2
(1
.5
-7
.8
)
(<
1—
8)
A
I
f
}
0
I
\
.
v
V
V ,
—
L
/
‘
O
I
V
v
/
<
mc
I
V
v
.
4
?
N
N
N
N
N
N
N
N
N
N
A
m0
|
V
v
M
N
A
\
D
O
I
V
v
0.
4—
10
<b
)
16
—7
6(
b)
8—
30
0(
b)
<0
.2
0.
4—
2
3—6
(b)
1—
20
0(
b)
<o
.2
0.4
2
2
<0.
2
<o.
1—2
<1—
4(b
)
2—3
a)
"t
ot
al
"
un
le
ss
ot
he
rw
is
e
sp
ec
if
ie
d
b)
"d
is
so
lv
ed
"
<0
.2
—0
.1
(<1-
11)
5
(Kl
—10
)
4
<<1—8>
4
((1
—10
)
10—
51
6_l
7(b
)
8—
12
(b
)
10—
82
<l
-2
<l—
2(
<2
<1
-4
(b)
b
)
(b)
<1—
3(b
)
<1_2
(b)
<1-
l.4
<1
—5
.8
(b
)
110
110
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A
B
L
E
4
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1
—
5
TRIBUTARY
INPUTS
To
LAKE
SUPERIOR
J
u
u
7
1
9
7
3
—
.
k
m
E
1
9
7
5
  
M
e
a
n
.
L
o
a
d
i
n
g
(kg/d)
Sampled Unsampled
Parameter
Basin
Basin
Total
Alkalinity
as
CaC03
1,910,000
1,110,000
3,020,000
Arsenic
1,120
170
1,290
Barium
5,200
1,850
7,050
BOD
(5
Day
@
20°C)
281,000
59,600
340,000
Cadmium
793
169
962
Calcium
2,660,000
612,000
3,270,000
Carbon,
Total
Organic
1,960,000
523,000
2,490,000
Chemical
Oxygen
Demand
5,030,000
1,250,000
6,280,000
Chloride
518,000
63,200
581,000
Chromium
1,700
468
2,170
Copper
1,780
998
2,780
Cyanide
974
310
1,280
Fluoride
16,700
5,970
22,600
Iron
129,000
49,900
179,000
Lead
2,010
1,020
3,030
Magnesium
844,000
146,000
990,000
Manganese
4,760
1,860
6,620
Mercury
29.3
13.2
42.5
Nickel
1,182
501
1,680
Nitrogen,
Total
as
N
79,500
20,600
100,000
Nitrogen,
Organic
as
N
56,000
15,000
71,000
Nitrogen,
Ammonia
as
N
8,130
2,100
10,200
Nitrogen,
N03
+
N02
as
N
15,200
3,410
18,600
Oil
—
Grease
153,000
34,400
187,000
Pesticides
1.12
1.87
2.99
Phenols
539
186
725
Phosphorus,
Total
as
P
5,780
1,990
7,760
Phosphorus,
Reactive
P04
as
P
1,200
559
1,760
Phthalates
0.680
Not
Sampled
0.680
Polychlorinated
Biphenyl
3.16
1.61
4.77
Potassium
185,000
50,200
236,000
Selenium
110
74.0
184
Silicate,
Reactive
as
Si02
828,000
300,000
1,130,000
Sodium
428,000
109,000
537,000
Solids,
Total
16,200,000
4,820,000
21,000,000
Solids,
Dissolved
12,500,000
3,960,000
16,400,000
Solids,
Particulate
3,060,000
1,110,000
4,170,000
Sulfate
as
S04
1,130,000
296,000
1,430,000
Zinc
2,720
1,040
3,760
   
The
totals
shown
above
represent
all
available
data.
were
not
sampled
for
all
parameters,
and
some
analytical
techniques
varied
a
m
o
n
g
t
h
e
f
o
u
r
j
u
r
i
s
d
i
c
t
i
o
n
s
.
215
However,
some
discharges
  
2
1
6
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R
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E
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TE
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LA
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od
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si
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WT
P(
a)
19
74
—7
6
Wa
te
r
In
ta
ke
-
La
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Su
pe
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or
Wh
it
e
Pi
ne
Mi
ne
WT
PQ
)
19
75
—7
6
Wa
te
r
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ta
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-
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Su
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ut
h
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nt
re
al
Ri
ve
r(
a)
(b
a9
73
—7
5
(a)
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h
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rp
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(M
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te
)
(a)
Mo
ut
h
Ta
hq
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n
Ri
ve
r
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p.
197
3—7
5
Va
ri
ou
s
ne
ar
sh
or
e
an
d
19
71
—7
5
Tr
ib
ut
ar
y
st
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io
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Ne
ar
sh
or
e
Wa
te
rs
19
72
—7
3
No
.
Sa
mp
le
s
T
A
B
L
E
4
.
1
-
6
Orga
nic
Subs
tanc
es
Det
ect
ed
and
Qua
nti
fie
deg
/L)
Di
et
hy
lh
ex
yl
ph
th
al
at
e
2
N
o
n
e
0,
p -
DDT
, 0
.00
1
p,
p
-
DD
T,
0.
02
5
Aro
clo
r 1
254
,
1.6
o,
p -
DDT
,
0.0
7
p,
p
—
DD
T,
0.
2
DB
P,
12
.0
DEH
P,
3.0
o, p
— DD
T,
0.04
p,
p
—
DD
T,
0.
04
5
0,
p
—
DD
T,
.0
03
p,
p
—
DD
T,
0.
02
Al
dr
in
,
Di
el
dr
in
,
DD
T
He
pt
ac
hl
or
,
Li
nd
an
e,
PC
Bs
,
En
dr
in
,
Ch
lo
rd
an
e,
an
d
Me
th
ox
yc
hl
or
(S
ee
Ta
bl
e
4.
1—
8)
PCB,
0.000
8
(S
ee
Ta
bl
e
4.
1—
9)
 
SUPE
RIOR
Da
te
De
te
ct
io
n
Qu
an
ti
fi
ca
ti
on
Limit
ug/L
01
/7
6
1
08/
74
08/
73
08
/7
3
08/
73
08
/7
3
08
/7
3
1
0
08
/7
4
0.
00
1
08
/7
4
08/
74
08
/7
4
 
Sou
rce
110
110
110
110
110
113
115
TABLE
4.1-6
CONT'D
ANALYSES
FOR
ORGANIC
CONTAMINANTS
IN
THE
WATERS
OF
LAKE
SUPERIOR
Location
Sampling
No.
Samples
Organic
Substances(Ug/L)
Date
Quantification
Source
Period
Detected
and
Quantified
Detection
Limit
pg/L
Nearshore
and
1974
Traces
of
Lindane
0.005
12
Open
Waters
(~10%
of
quantification
17
sites
limit).
Other
organe-
chlorines
and
organo—
phosphorus
cpds
not
detected
(See
Table
3.1—7)
Duluth
Area
1974
Lindane
—
0.002
114
BHC
—
0.005
PCB
—
0.029
Open
and
Nearshore
1974—76
PCB
(0.005—0.02)
112
Waters
(See
Table
4.1—7)
2
1
7
Nipigon
Bay
1974
Natural
dissolved
organics
components
(See
Table
4—1—10)
116
Isle Royale
Washington
Harbor
1976
PCB
(0.05)
01/76
112
Robinson
Bay
1976
PCB
(0.12)
01/76
Siskiwit
Lake
1976
PCB
(0.16)
01/76
 
(a)
Substances
sought
and
quantification
limits
(pg/R)
include:
Dieldrin
(0.001),
0,
p
—
DDT
(0.001),
p,
p
—
DDT
(0.001),
DBP
(1.0),
Toxaphene
(1.0),
Chlordane
(0.05),
2,
4—D
(0.05),
Silvex
(0.5),
Endrin
(0.01),
Heptachlor
(0.005),
Lindane
(0.005),
Methoxychlor
(0.05),
PCBs
(0.1).
(b)
Detection
levels
varied
considerably.
a“
  
2
1
8
 
TAB
LE
4.1
-7
(Ref.
112)
POLYCHLOR
INATED BI
PHENYL CO
MPOUNDS O
BSERVED I
N WATER
AT VAR
IOUS L
OCATIO
NS IN
LAKE S
UPERIO
R AND
IN THE
VICINI
TY 0F
ISLE R
OYALE
 
I
Depth
(m)
50-65
PCB as Aroclor 1254
Location
Date
ug/£
1
1. Open
Waters,
December
1976
0.005
Weste
rn La
ke S
uperi
or
2. Open Waters,
Lake Superior
10
November 1974
0.005
3. Nearshore Wat
ers Lake Superior
0.5
November 1974
0.007
at Duluth
Water Int
ake
4. Near
shore Wat
ers—Weste
rn Lake S
uperior
0.5
1976
0.010
2
Jan
uar
y
5. Dulu
th—Superi
or Harbor
,
1-8
1976
0.020
Howar
d Ba
y
Jan
uar
y
6. Wash
ington Ha
rbor, Isl
e Royale
0.5
January 1
976
0.050
7. Robinson Bay,
Isle Royale
0.5
January 1976
0.120
8. S
iskiwi
t Lake
, Isle
Royale
0.5
Januar
y 1976
0.157
COMPARATI
VE DATA,
VEITH _e_t_
_a_1_. 1977
Nears
hore
Water
s, L
ake
Super
ior3,
at ERL
-D Lab
orator
y Inta
ke
10
1972—73
0.0008
lMount, D
. I. 197
6. Summa
ry of Wat
er Analys
es Pertin
ent to th
e Barrels
in Lake S
uperior;
Environme
ntal Rese
arch
Laborator
y—Duluth;
Press Rel
ease.
ZSwain,.e£_al. 1975.
Quality o
f Howard'
s Bay in
the Dulut
h—Superio
r Harbor
— Winter
1974—75.
Army Corps of Engineers.
Evaluatio
n of the
Effects o
f a Harbo
r Bubbler
System fo
r Winter
Navigatio
n on the
Water
Final Rep
ort to th
e United
States
3Veith, e
_ta]_.. 1
977.
Contamination and Toxicology 2:
Residues
of PCBs a
nd DDT in
the Weste
rn Lake S
uperior E
cosystem.
Archives
of Enviro
nmental
487—499.
TABLE 4.1—8
  
(Ref. 113)
SUMMARY
OF
STORET
DATA
—
ORGANOCHLORINES
IN
NEARSHORE
AND
TRIBUTARY
WATER
SAMPLES
Place
Mean
Maximum
Number
IJC Water
Organochlorine
and
of
Quality Objective
Compounds
Sample Date
ug/R
Samples
pg/Q
Aldrin +
Mich. 1973—5
0.040
0.44
90
O 001
Dieldrin*
Wisc. 1974—5
0.008
0.02
16
'
Total DDT
Mich. 1971—5
0.063
0.68
110
residues*
Wisc. 1974—5
0.022
0.08
16
0.003
Minn.
1967—75
0.032
0.10
93
Heptachlor +
Mich. 1973—5
0.038
0.37
90
O 001
heptachlor
Wisc. 1974—5
0.005
0.01
16
'
epoxide*
Lindane
Mich. 1973—5
0.008
0.04
90
O 01
Wisc. 1974—5 0.002 0.005 16 '
PCBs Mich.+1971—5 0.15 (0.40) 0.98 (2.0) 84 (26)
Wisc. 1974—5
0.05
0.30
16
0.001 3
Minn. 1972—5 0.11 1.2 160
Endrin
Mich. 1973—5
0.043
0.52
90
0.002
Chlordane
Mich. 1973—5
0.059
0.32
89
0.06
Methoxychlor
Wisc. 1974—5
0.015
0.02
16
0.04
* Values refer to the sums of the means and of the maxima for the substances and its
degradation products.
+ Parenthesis values refer to 1242 + 1254 reported as well.
@ An indicated maximum, not an accepted objective.
  
TABLE 4.1-9
RE
SI
DU
ES
OF
PC
BS
AN
D
DD
T
IN
TH
E
WE
ST
ER
N
LA
KE
SU
PE
RI
OR
EC
OS
YS
TE
M(
a)
Concentrations
PCB ZDDT Dieldrin
(as Aroclor 1254) b b
Sa
mp
le
(s
pe
ci
me
n)
Sa
mp
li
ng
Lo
ca
ti
on
pp
m
pp
m
pp
m
Wat
er
Env
iro
nme
nta
l R
ese
arc
h
0.8
t0.
4 n
g/L
Laboratory—Duluth water
supply inlet
Sed
ime
nts
5 m
ile
s
fro
m
Sil
ver
Bay
.
7.0
t0.
5pp
b
Minn. (270 m depth)
Zoo
pla
nkt
on
Nor
th
sho
re
vic
ini
ty
0.0
5—0
.12
0.0
4-0
.05
2pp
b
(Magda Peliﬁta)
Sli
my
scu
lpi
n
Lit
tle
Two
Har
bor
s.
lllg
en
0.1
8-0
.3h
0.0
06—
0.1
2
' City. Grand Marais
Fou
rho
rn
scu
lpi
n
Illg
en
City
. G
ran
d M
ara
is,
0.1
2—0
.45
0.2
—0.
64
Grand Portage
Bur
bot
Apo
stl
e
Isl
and
Reg
ion
1.0
—1
7
0.2
—0
6
0.0
3
Lit
tle
Two
Har
bor
s R
egi
on
<O.
9-l
O
0.0
8—0
8
<0.
03
Illgen City Region 0.5—1 2 0.5-1 3 <0.03
Lake
Trou
t
Apo
stl
e I
slan
d R
egi
on
0.3
-5
6
0.1
—12
.8
<0.
03—
0.0
5
Little Two Harbors Region «0.3—1 5 0.2—1.5 <0.03
lllgen City Region 0.3—1 2 0.3-1 7 <0.03
Grand Marais 1.9 0.8 -
Rai
nbo
w s
melt
Apo
stl
e i
slan
d R
egi
on
0.4
—0.
5
0.2
—0
3
<0.
03
Little TWo Harbors Region <0.4-l.2 0.1—0 7 <0.03
lllgen City Region 0.2—0.5 0.2—0 5 <0.03
(a)
Veit
h,
G.D.
, D
.W.
Kueh
l,
F.A.
Pugl
isi.
G.E.
Gla
ss
and
J.G
.Ea
ton
.
Arc
hiv
es
of
Environmental Contamination and Toxicology 5, 487 (1977).
(b) Concentrations in ppm unless otherwise indicated.
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 TABLE
(Ref.
4.1—10
116,117)
Dissolved organic compounds and concentrations in ug/L found off Vert Island
at l m (Nipigon Bay background profile for dissolved organic compounds) and
Nipigon River water (Principal source of input to Nipigon Bay other than the
Red Rock Mill).
Compound
Laurie acid
Myristic acid
Pentadecanoic acid
Palmitoleic acid
Palmitic acid
Heptadecanoic acid
Linoleic acid
Oleic acid
Stearic acid
2—methyl octadccanoic acid
Approximate Concentrations (ug/L)
 
Detected off
Vert Island
1 m
20
30
20
20
10
Detected in
Nipigon River mouth
1 m
10
15
40
30
20
  
TABLE 4.1—11
A
N
A
L
Y
S
E
S
F
O
R
O
R
G
A
N
I
C
C
O
N
T
A
M
I
N
A
N
T
S
I
N
T
R
I
B
U
T
A
R
Y
W
A
T
E
R
S
T
O
L
A
K
E
S
U
P
E
R
I
O
R
a
 
gR
gA
§I
9_
§g
§S
:A
gg
ES
SO
UG
HT
A
N
D
DE
TE
QT
IO
N
LI
MI
TS
(b
)(
ug
/L
)
Al
dr
in
:
0.
00
1-
0.
01
Ch
lo
rd
an
e:
0.
01
-0
.3
2
Di
el
dr
in
:
0.
00
1-
0.
09
En
dr
in
:
0.
00
5—
0.
13
o,
p—
DD
T:
0.
00
1—
0.
02
He
pt
ac
hl
or
:
0.
00
1—
0.
01
p,
p—
DD
T:
0.
00
5—
0.
02
Li
nd
an
e:
0.
00
1-
0.
01
Diethylhexyl
ph
th
al
at
e
(D
EH
P)
:
1.
0
PC
Bs
:
0.
02
—0
.4
9
Aroclot 1254:
0.1
Sa
mp
li
ng
No
.
Or
ga
ni
c
Su
bs
ta
nc
es
Eg
ca
ti
on
Pe
ri
od
_
Sa
mp
le
s
De
te
ct
ed
an
d
Qu
an
ti
fi
ed
(p
g/
L)
Da
te
Mi
ne
ra
l
Ri
ve
r
19
73
-7
5
6
o,
p—
DD
T,
-
0.
00
2
08
/7
4
(C
ar
p
La
ke
Tw
p)
p,
p—
DD
T
-
0.
01
08
/7
4
On
to
na
go
n
Ri
ve
r
19
73
—7
5
5
p,
p—
DD
T
—
0.
02
2
12
/7
3
(O
nt
on
ag
on
Tw
p)
Di
el
dr
in
~
0.
00
1
08
/7
4
o,
p—
DD
T
—
0.
05
08
/7
4
p,
p—
DD
T
—
0.
12
08
/7
4
En
dr
in
—
0.
02
08
/7
4
Pr
es
qu
e
Is
le
Ri
ve
r
19
73
—7
5
5
o,
p-
DD
T
—
0.
00
2
08
/7
4
(W
ak
ef
ie
ld
Twp
)
p,
p—
DD
T
—
0.0
1
08
/7
4
(a)
Mi
ch
ig
an
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
da
ta
(b)
De
te
ct
io
n
Li
mi
ts
va
ri
ed
co
ns
id
er
ab
ly
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 4.2 DATA ON SEDIMENT QUALITY
Eeayy Metals
Data on heavy metal concentrations in Lake Superior sediments are
summarized in Table 4.2—1.
 
In 1971, Smith and Moore (118) evaluated the distribution of trace
f
metals in surficial sediments around Keweenaw Point which is the
'
location of considerable past mining activities, particularly in the
1860's. The distributions of zinc and copper in the area are shown in
Figures 4.2—1 and 4.2-2. In 1972. Fitchko and Hutchinson (32) evalu—
ated the sediment quality at the mouths of 24 tributaries to Lake
Superior. The results are shown in Table 4.2—2.
, Subsequently. as part of the Upper Lakes Reference Group study,
Kinkead and Chatterjee (119) evaluated the distribution of heavy
metals in the surficial sediments within the Canadian nearshore zone
of Lake Superior. Some data from the study are shown in Figures 4.2—3
to 4.2—5. In 1977, the ULRG (109) summarized the results of many Lake
Superior sediment studies, and these are shown in Tables 4.2—3 and
4.2-4 and Figure 4.2—6. The results of the PLUARG studies (28)
indicated a (total lake) average of 49 ppm lead within the sediments
of Lake Superior (Table 4.2—5 and Figure 1.2—8 and 1.2-9).
Extensive discussions on the Lake Superior sediment characteristics
are found within the ULRG report (109). In part, the Reference Group
has stated that "trace metals are generally low, exclusive of Thunder
Bay, though there is evidence that Hg and Pb, and possibly Cu, are
being elevated by man's activities. There is further evidence that
relatively high levels (when compared to Lake Huron) of Cu, Zn and Ni
occur in sediments of Lake Superior, due to regional mineralization
occuring in the bedrock of the area.”
Organic Contaminants
The results of several studies to evaluate the levels of organic
contaminants in Lake Superior sediments are shown in Table 4.2-6.
Kinkead and Chatterjee (119) generally found low levels of DDE, DDD,
DDT, PCBs and diethyl hexyl phthalates. However, a concentration of
250 ug/kg PCBs was found in the vicinity of Marathon. The investiga-
tion could not detect lindane, heptachlor, aldrin, heptachlor epoxide,
thiodan, dieldrin or endrin. Glooschenko, Strachan and Sampson (12)
indicated that most organochlorine compounds and all organophosphorus
compounds were below detection levels. However, two high levels of
PCBs were found - 1.3 ppm near Marathon, Ontario and 90 ppb at one
station located at the middle of the lake.
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Table 4.2—7 summarizes the organic contaminants found in Lake Superior
sediments during the ULRG study.
The Reference Group also noted that
samples from Munising Bay, Michigan had elevated levels of diethyl
hexyl phthalate (1400—4100 ug/kg) and from 1500 — 61,000 mg/kg of hexane
extractable
oils
and
grease.
Brownlee
and
Strachan
(121)
evaluated
the
fate
of
pulp
mill
effluents,
by
determining
concentrations
of
the
effluent
components
in
water,
seston
and
sediments.
Significant
amounts
of
dehydroabietic
acid were
found
1 km
from
the
source.
223 1
—I_—‘1
 2
2
4
TABLE
4.2—1
 
LAKE SUPERIOR SEDIMENTS ‘ METAL ANALYSES
SAMPLE
DA
TE
19
71
1972
1973
1973
1973
1973
NUM
BER
SAMPLING STA
TION
SAMPLING
OR DESIGNATION SITES
Keweenaw Point
- north
— south
(See
Figu
res
4.2—
1 an
d 4.
2—2)
Mouths of 24 Rivers
(See
Tabl
e 4.
2-2)
Entire Lake + 10 Subbasins
(S
ee
Ta
bl
e
4.
2-
3)
Entire Lake - surficial
sediments
(See
Table
4.2—4
and F
igure
4.2—6
)
Nearshore — Canadian side 67
(See Figures 4.2—3 to 4.2—4)
Peninsula Harbor
52
(See Figure 4.2—5)
C 0 N C E N T R A T I O N
p p m d r y w e i g h t
ARSENIC CADMIUM CHROMIUM
INFORMATION
COPPER
SOURCE
160 118
3
2
109
109
1
1
9
119
  
LAKE SUPERIOR COPPER PROJECT
 
     
   
Eagle Harbor
:‘vﬁ' Wy'u‘
KEWEENAW PENINSULA " \
COPPER DISTRIBUTION
 
V . ‘ngpmSluvvoﬂI
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I ’z o I z 3 o 5 6°
 
nr
Fig.4.2-l Dispersion of copper (total) around Keweenaw Point (1 statute mi = 1.609 km).
LAKE SUPERIOR COPPER PROJECT
  
  
   
Eagle Harbor
KEWEENAW PENINSULA
ZINC DISTRIBUTION
.. 31510 N
  
‘ o 5mm:
   
k
In
 
{772mm 7 . . .vmrn
@
2
3
0
a
 
Fig.4.2-2 Dispersion of zinc (total) around Keweenaw Pgint (1 statute mi = 1,609 km).
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 TA
BL
E
4.
2—
2
Con
cen
tra
tio
n o
f h
eav
y m
eta
ls
in
out
let
sed
ime
nts
of
Lak
e S
upe
rio
r t
rib
uta
rie
s.
 
1
Concentration (ppm)
(Ppb)
 
Sit
e
Pb
Aq
Cd
Co
Cu
Cr
Ni
Zi
Mn
Hq
 
13.1
11
12.7
30.8
148
30
13.8
9
12.6
55.5
239
50
11.0
5.
10.5
18.5
100
20
5
1
2
Gou
1ai
s R
ive
r
0
4
7
8
8
8
.6
7.5
.9
11.2
16.5
123
<10
9
O
9
8
6
7
8
Batch
awana
River
10.2
5
5
3 5
K
\
L
n
H
\
D
O
W
Q
‘
M
M
C
O
O
‘
O
m
Q
O
H
P
L
O
M
H
M
Q
N
M
H
k
O
r
-
i
O
O
O
O
H
O
O
H
O
O
H
H
O
O
O
O
O
O
O
O
O
O
O
Montre
al Riv
er
Michipico
ten River
Pic R
iver
12.3
Xipig
on Ri
ver
31.2*
Curr
ent
Rive
r
40.3
*
McIn
tyre
Rive
r
26.6
Neebi
ng Ri
ver
12.3
Kamin
istik
wia R
iver
17.5
McKel
lar R
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14.0
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n Rive
r
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River
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l Tr
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r
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River
Big Ir
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Onto
nago
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naw U
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e L
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er
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River
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Big
TWO
Hea
rte
d R
ive
r
Tah
que
men
on
Riv
er
9.9
1
14.8
31.0
155
10
22.4
*
2
*
18.4
43.2
130
50
23.3
*
13.8
21.1
83.0
227
200*
15.
6
29.
9*
13.
8
18.
3
85.
8
225
790
**
14.
7
19.
8
183
70
14.
2
28.
5*
140
480
*
16.3
24.
0*
137
105
0**
33.2
*
19.8
85.
5
125
690
**
18.
0*
19.
6
22.
5
52.
7
353
50
17.9
17.
4
28.5
192
30
8.5
10.3
23.3
205
60
8.8
3.2
7.0
39
30
10.
1
9.4
14.
8
122
20
262.8
** 1
3 4*
28.3
251
50
7.1
5 8
15.3
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30
22.8*
6 3
16.0
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4 0
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1 1
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0
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H
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FIG. 4.2-3
Heavy metals distribution in the surficial sediments occurring within the nearshore zone of Lake Superior by sampling locations (Ni, Fe, Cr,
Cu).
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FIG- 4-2-4 Heavy metals distribution in the surficial sediments ocwrring within the near-shore zone ofLake Superior by sampling [cations (Pb, Hg, Zn,
Cd).
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 TABLE 4.2-3
MEAN
LEVELS
OF
TRACE
METALS
IN
THE
SEDIMENTS
OF
LAKE
(Hg
in
ug/kg,
all
others
in
mg/kg)
SUPERIOR
   
Hg
Pb
Cu
Zn
Ni
Co
Cr
Cd
V
Sr
As
SECTOR
No.
of
i
i
)2
i
i
i
i
i
i
i
)2
Samples
(8)
(s)
(s)
(s)
(s)
(s)
(s)
(s)
(s)
(s)
(8)
Total
Lake
404
83
44
82
97
95
26
163
1.2
82
111
1.7
(56)
(27)
(67)
(48)
(46)
(22)
(104)
(0.8)
(38)
(71)
(2.5)
yon-Depositional
188
53
26
49
63
72
19
124
0.8
65
90
1.3
Zone
(30)
(18)
(40)
(41)
(47)
(12)
(95)
(0.6)
(40)
(76)
(2.2)
hotal Basins
216
108
60
111
127
116
32
197
1.6
97
130
2.1
(61)
23
(73)
(33)
(34)
(26)
(101)
(0.8)
(30)
(71)
(2.6)
Duluth
27
136
62
90
127
123
26
195
1.7
93
139
2.6
(46)
(20)
(26)
(35)
(40)
(7)
(66)
(0.5)
(33)
(24)
(3.4)
Chefswet
27
86
53
99
127
119
42
209
1.4
96
125
1.5
(23)
(16)
(28)
(17)
(15)
(63)
(36)
(0.3)
(27)
(20)
(1.8)
Apostle
13
112
56
177
143
122
34
218
1.7
107
153
1.7
(25)
(15)
(247)
(16)
(22)
(4)
(45)
(0.2)
(16)
(19)
(2.5)
Isle
Royale
50
100
65
117
139
118
31
204
1.7
111
140
2.3
(35)
(17)
(32)
(18)
(18)
(5)
(125)
(0.3)
(17)
(24)
(2.7)
m
Thunder
Bay
17
134
68
112
146
124
31
266
1.9
102
138
4.0
a
Trough
(51)
(16)
(23)
(17)
(29)
(4)
(215)
(0.4)
(19)
(20)
(3.1)
g
Thunder
Bay
5
326
48
68
141
128
31
143
2.2
128
175
3.7
a
(204)
(21)
(27)
(45)
(37)
(6)
(44)
(0.8)
(24)
(84)
(6.0)
Caribou
49
94
59
114
121
118
32
190
1.6
94
120
1.2
(44)
(29)
(51)
(36)
(40)
(9)
(42)
(1.4)
(29)
(38)
(1.6)
Marathon
6
101
60
107
124
129
27
197
1.5
96
118
3.0
(55)
(20)
(39)
(27)
(32)
(5)
(127) (0.4)
(22)
(26)
(2.4)
Keweenaw
4
120
72
193
132
126
27
198
1.5
131
286
0.7
(27)
(10)
(55)
(7)
(23)
(3)
(18) (0.4)
(28) (371)
(0.9)
Whitefish
18
74
52
88
77
66
29
120
1.1
52
61
1.8
(35)
(36)
(58)
(41)
(40)
(45)
(74) (0.7) (26)
(28)
(2.1)
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TA
BL
E
4.
2-
4
1
1
9
7
3
1
HE
AV
Y
ME
TA
LS
IN
SU
RF
IC
IA
L
SE
DI
ME
NT
S
OF
LA
KE
SU
PE
RI
OR
,
1
’
PARA
METE
RSa'
b
Sam
ple
Zin
c
Cad
miu
m
Lea
d
Mer
cur
y
Cop
per
Chr
omi
um
Nic
kel
Iro
n
Location Size rug/kg mg/kg "18/ kg "18/ kg “Hi/1‘8 “13/ k8 ‘ “8/ kg 2
SEG
MEN
T A
10
54.
313
4.4
1.0
310
03
24.
111
3.4
003
310
.02
7
26.
711
7.6
26.
911
50
21.
011
1.8
1.6
010
70
102
—10
5
1.0
0-1
.05
6.5
—47
.1
00
06
—0
07
2
2.8
-55
.0
3.7
—45
.4
2.8
-36
.2
0.4
2-2
.36
SEG
MEN
T B
8
67.
214
05
020
410
.38
8
39.
713
2.3
38.
111
07
29.
811
1.9
1.7
710
84
27.
0—1
50
<1.
00-
3.1
0_
<8.
0—6
2.2
0.0
26—
1.1
60
8.3
—92
.0
18.
9-6
5.9
17.
1—4
9.6
0.9
4—2
.10
V
SEG
MEN
T c
5
84.
612
1.4
004
710
.04
1
37.
011
1.3
45.
411
32
41.
910
4
2.9
710
22
‘
53.
9—1
09
<1.
00
<8.
0-3
00
000
1—0
089
23.
3-5
4.3
30.
8-6
5.4
34.
6—5
1.0
2.7
3-3
.30
PENI
NSUL
A HA
RBOU
R
10
49.6
:25.
7
010
112
.02
33.7
112.
2
g
23.
6—9
8.6
<1.
00-
3.0
0
<7.
3—2
5.6
0.0
1—3
8.S
O
19.8
—63.
0
1
JACK
FISH
BAY
6
76.6
131.
7
20.
411
05
027
910
.26
8
53.2
1101
48.
6—9
2.6
<1.
00
13.
6-3
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TABLE 4.2-5
LEAD IN GREAT LAKES SEDIMENTS — LAKE SUPERIOR
 
LAKE SUPERIOR N i SD LOADINGS
PPM PPM TONNES SE 6 TONNES PB
PER YR.xl PER YEAR
A1
1
Sa
mp
le
s
404
44
27
-
_
Non Depositional Zone 188 26 18 — —
Total Basin 216 60 23 - 1,420
Duluth 27 62 20 — ' —
Chefswet 27 53 16 — -
Apostle 13 56 15 - —
Isle Royale 50 65 17 — —
Thunder Bay TrOugh 17 68 16 — —
Thunder Bay 5 48 21 — -
Caribou 49 59 29
Marathon 6 6O 20 — —
Keweenaw 4 72 10
Whitefish 18 52 86 — —
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 TABLE 4.2—b
ORGANIC CONTAMINANTS QUANTIFIED IN
LAKE SUPERIOR SEDIMENTS
18
samples
indicated
no
evidence
a
n
d
3
w
e
r
e
a
b
o
v
e
the
s
e
n
s
i
t
i
v
i
t
y
was
found
near
Marathon,
Ontario.
(b)
of
PCBs,
7
contained
trace
quantities,
limit
of
10
ug/kg.
The
250
ug/kg
value
See
Table
3.1-7
for
all
compounds
sought.
c) .
A
S
i
n
g
l
e
v
a
l
u
e
of
1
,
3
0
0
w
a
s
a
l
s
o
found.
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DATE
SAMPLE SITES
CONTAMINANTS AND QUANTITIES (pg/kg)
Source
1973
Canadian side
PCBs (N.D. to 250)“)
119
28 sites DDE (N.D. to 7.1)
DDD (N.D. to 2.7)
DDT (N.D. to 2.7)
Diethylhexyl phthalate (O—l.5)
1973 Open lake and 5 PCBs, DDE, DDD, DDT
nearshore areas (See Table 4.2—7) 109
1974 Open lake and PCBs (Trace — 9O)(C)
nearshore areas Dieldrin (N.D. to 7)
. (b) p,p—DDE (N.D. to 7)
15 Sltes p,p-TDE (N.D. to 5) l2
p,p—DDT (N.D. to 7)
o,p—DDT (N.D.)
DDT (N.D. to 12)
1974 Red Rock, Ontario 1.0 km from source
(Pulp and paper — palmitic acid — 100 ppm
effluent study)
- dehydroabietic acid — 150 ppm
120
3.0 km from source
— palmitic acid — 1 ppm
— dehydroabietic acid — 2 ppm
— dioctyl phthalate — 0.7 ppm
1975
5
miles
from
Silver
PCBS
(7.0t0.5)
Bay, Minnesota
(Table 4.1—9)
115
270 m depth
(a)
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No data
b. No detectable concentration
a. If mean and standard deviation are not shown,
(<) values were found for more than 15% of the samples.
then less
than
4. 3
Data on Air Quality and Precipitation
Table 4.3—1 shows the results of studies to evaluate organic con-
taminant levels in rain and snow in the Lake Superior Basin
(46,112). PCB levels in snow samples from Siskiwit Lake in
Isle Royale were found to be nearly five times greater than
precipitation samples from the Duluth/Superior metropolitan area
(112). Because precipitation to the Lake Superior surface
accounts for 59% of the lake's water supply, the above studies
may indicate the significance of atmospheric inputs as sources
of organic contaminants to Lake Superior.
Estimates for yearly deposition of heavy metals to Lake Superior
were made by Acres Consulting Services and Applied Earth
Science Consultants (101). Figures 4.3—1 and 4.3-2 show the
estimated loading contours for cadmium and lead. The
quantitative yearly atmospheric loading estimates to Lake
Superior, as calculated by the Upper Lakes Reference Group (109)
are shown in Table 4.3—2. The estimated percent contributions
by various air pollution source regions are given in Table 4.3—3.
As in the case of Lake Huron, the ULRG could not calculate the
atmospheric input relative to other sources for toxicants such
as mercury, DDT and PCB's, because "most of the input sources
sampled were below the detection limit for these materials.”
Nonetheless, the Reference Group noted that "the present findings
indicate significant loadings of many parameters due to long
range transport." For example, atmospheric loadings of lead and
copper were estimated to be 30—40% of the total input.
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TABLE
[4.3-1
ANALYSES OF THE ATMOSPHERE AND PRECIPITATION
   
  
  
  
  
 
 
1974
(See Table 4.3-2
and Figures 4-3-1
and 4.3-2)
  
IN THE LAKE SUPERIOR BASIN
MEDIA
AN
D
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LO
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TI
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NT
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AN
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EN
TI
FI
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SA
MP
LE
S
DA
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AN
D
CO
NC
EN
TR
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IO
NS
SO
UR
CE
Rai
n
(14
)
Lak
e
Sup
eri
or
Tot
al
PCB
—26
ppt
46
1976—77 Lindane - 4.9ppt
a BHC — 4.6ppt
Z DDT—Residues — 0.8ppt
a Endosulfan — 0.2ppt
B Endosulfan — 1.0ppt
Dieldrin — 0.5ppt
Methoxychlor - 1.6ppt
HCB — 2.8ppt
Sno
w (
4)
Dul
uth
-Su
per
ior
PCB
s
— 5
0pp
t
112
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e
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30p
pt
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Cd,
Pb,
Ni,
101
,10
9
and Superior Cu
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SlALE In 1 3 'PE’
PRECIPITATION CHEMISTRY
CADMIUM LOADING FIGURE 4.3—1
ATMOSPHERIC LOADING OF THE UPPER GREAT LAKES
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TABLE 4.3—2
ATMOSPHERIC LOADINGS T0 LAKE SUPERIOR
(Ref. 109)
  
Loadings, In Tonnes Per Yeara
Parameter East West Total
Nitrogen (NO3 + NH3 as N) 38,000 18,000 56,000
Total Phosphorus 344 456 800
Total Dissolved Solidsb 68,000 52,000 120,000
Chloride 36,000 19,000 55,000
Reactive Silicate (88 5102) 15,000 11,000 26,000
Calcium 15,000 18,000 33,000
Sodium 5,000 10,000 15,000
Magnesium 3,800 1,800 5,600
Potassium 5,000 8,000 13,000
Iron 7,600 2,100 9,700
Lead 360 290 650
Copper 230 140 370
Nickel 67 53 120
Cadmium 43 12 55
Particulate Solids 25,000 16,000 . 41,000
   
a. All parameters were determined from actual measurements except for particulate
solids values which were calculated from mathematical model results.
b. Calculated from conductivity measurements by multiplying by 0.65.
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4.4
Data on Municipal and Industrial Discharges and Sludges
In June 1977, a special issue of the Journal of the Fisheries
Research Board of Canada was published with the title "Pulp
and Paper Mill Effluents in a Freshwater Environment."
The publication contains the results of a series of studies
on pulp and paper mill effluents in Nipigon Bay, Lake Superior,
within the following categories:
i) Effluent dispersion and plume processes
ii) Ecosystem response and features not necessarily
confined to discrete plumes
Testing of effluent effects upon biota
Plume oriented biological studies.
iii)
iv)
Examples of results of effluent analyses reported in the special
issue are shown in Table 4.4-1 (116) and Table 4.4—2 (121).
The results of two other effluent scans from wood processing
industrial effluents are shown in Table 4.4—3(122). The products
of Conwed Corporation are mineral board, tuflex blanket and
bulk fibre (wood), and Potlach Forests is a paper manufacturer
which utilizes the Kraft pulping process.
Analysis for heavy metals in three discharges to the St. Louis
River are shown in Table 4.4—4 (123).
The ULRG identified the major municipal and industrial direct ‘
dischargers in its report to the Commission. Estimates from
the Reference Group report on loadings by the municipal and
direct dischargers are shown in Table 4.4—5. The Reference
Group reported that the "largest industrial inputs to Lake
Superior are the pulp and paper mills on the Canadian side and
Reserve Mining Company on the U.S. side. Large municipal
inputs are the Thunder Bay area in Ontario and the Duluth-
Superior area in Minnesota and Wisconsin." "In general, the
municipal and industrial loading point sources make up a
relatively small portion of the total loadings to Lake Superior."
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Dissolved organic compounds identified in the Red Rock Mill effluent and
Major components >100 ug/L, minor components <lOO ug/L
effluent plume.
TABLE 4.4—1
in effluent. (Ref. 116)
Major Minor Detected in Detected in
Compound component component effluent effluentplume
B—pinene + + —
Camphene + + —
Guaiacol + + +
Borneol + + +
Fenc
hyl
alco
hol
+
+
+
Safr
ole*
+
+
+
ﬁte
rpi
neo
l
+
+
+
Phen
ol
+
+
—
2—methoxy-4—propyl phenol + + *
Vani
llon
e
+
+
-
Acet
ovan
illo
ne
+
+
+
Tric
hlor
ogua
iaco
l
+
+
—
4—hydroxy—3—methoxy
prop
ioph
enon
e*
+
+
+
+
4—hydroxy—3-methoxy phenyl
acet
ic a
cid
+
+
-
Epijuvabione + + ~
Myri
stic
acid
+
+
+
Pent
adec
anoi
c ac
id
+
+
—
Palmitic acid + + +
Heptadecanoic acid + + —
Stearic acid + + +
Ara
chi
dic
aci
d
+
+
+
Behe
nic
acid
+
+
+
Lign
ocer
ic a
cid
+
+
+
Palmitoleic acid + + +
Olei
c ac
id
+
+
+
Lino
leic
acid
+
+
+
Isop
imar
ic a
cid
+
+
+
Sandaracopimaric acid + + +
Deh
ydr
oab
iet
ic
aci
d
+
+
+
Abie
tic
acid
+
+
+
6, 8, ll, 13 abietatetraen—lS-
oic
aci
d
+
+
+
7-o
xod
ehy
dro
abi
eti
c a
cid
+
+
+
Dehydrodiconiferyl alcohol* ,+ + -
B-s
ito
ste
rol
+
+
+
Dimethyl phthalate + + +
+ + +
Dioctyl phthalate
*Tentative identification.
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 TABLE
4.4-2
COMPOUNDS
IDENTIFIED
IN
DERIVATIZED
CHLOROFORM
EXTRACTS 0F MILL EFFLUENT STREAMS
(Ref. 121)
Concentration in
Total Effluent
Compounds ug/L
Dichloroveratrole(a) 7
3,4—Dimethoxyacetophenone 6
3,4,5—Trichloroveratrole<b) 2.5
Methyl Palmitate 50(C)
Ethyl Palmitate
Methyl Linolenate 60
Methyl Linolelaidate 150
Methyl Stearate 9
Methyl Sandaracopimarate 170
Methyl Isopimarate 380
Methyl Dehydroabietate 1300
Methyl Abietate 1500
Methyl Neoabietate 4O
Methyl 9,10—Dihydroxystearate 3
Methyl 7—Ketodehydroabietate(a) 25
Dioctyl Phthalate 15
(a)
(b)
Tentative assignment.
Structural assignment based on
to published spectrum of 3,4,5—
(C)For methyl and ethyl palmitate
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similarity of mass spectrum
trichloroveratrole,
combined.
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RIES
(Ref .
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t,
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2, 197
8
011111141111
‘10.0
«10.0
<10
.0
“10
.0
‘10.0
"10.0
'100.0
‘100.0
”100.0
€100.0
“100.0
<100.0
"100.0
330.0
2,130.00
<100
1N
MIN
pig
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"10
.0
“10.0
“10.0
‘10.0
-10.0
10
.0
 
§OTA
 
PoLlatvh
Forusta
Inc.
Cloquct, Minnesota
March
2, 1978
Outfa11 00:
M111 Discharge
(hgjﬁll 001
Lagoon D
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140.0
20.0
40.0
“10.0
r100.0
130.0
140.0
/l0.0
0,000.0
140.0
22,500
180.0
180.0
=100.0
2,000.0
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845.0
760.0
7,840.0 <100.0
100.0
360.0
<100.0
‘
840.0
9100.0
340.0
<100.0 <100.0
<100.0
<100.0
1,470.00
4100.0
ANALYSES OF MUNICIPAL AND INDUSTRIAL DISCHARGES
Discharger
Conwed Corp.
- outfall 001
— outfall 002
Potlach Corp.
— outfall 006
— outfall 007
Duluth Main
Wastewater
Treatment Plant
TABLE
4.4-4
TO THE ST. LOUIS RIVER, MINNESOTA
Concentration ug/L
 
(Ref. 123)
Flow
MGD Cd Cr
.4 12 23
2.3 2 6
12.6 5 12
4 <1 4
17.5 <10 120
(average)
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Cu
146
29
31
15
56
Ni
<3
<3
<30
Pb
33
18
<10
24
65
Zn
134
157
152
62
260
H8
  
TABLE 4.4-5
MU
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AN
D
IN
DU
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RI
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To
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KE
SU
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RI
OR
JULY 1973 » JUNE 1975
  
M e a n L o a d i n g (kg/d)
Pa
ra
me
te
r
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l
In
du
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ri
al
To
ta
l
Al
ka
li
ni
ty
as
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However, some discharges
 
4.5 DATA ON BENTHOS AND PLANKTON
PCBs were quantified in 7 of 15 samples of seston from Lake
Superior by Glooschenko and Strachan in 1974 (12). The
concentrations of the 7 samples varied from 0.5 to 1.3 ppm.
Three samples had non—detectable levels and the other five
had trace quantities. Seston from the mouths of Black and
Thunder Bays near Marathon, Ontario contained from 1.1 to
1.3 ppm PCBs. Trace quantities of dieldrin were found in
most samples and 12 of 15 samples contained non—detectable
quantities of p,p'—DDE. Veith's data (115) shown in Table
4.1-9 indicates from 0.05 — 0.12 ppm PCBs and 0.04 —
0.05 ppm DDT in Lake Superior zooplankton during 1973—74.
Brownlee and Strachan (121) collected seston from Nipigon
Bay at distances up to 6.8 km from the discharge of a Kraft
pulp and paper mill. Palmitic acid was detected at
concentrations between 150 to 2000 ug/gm dry weight of
seston, with no decreasing trend observed at 5.7 km from
the source. Dehydroabietic acid varied from 7 to 60
pg/gm, and only trace quantities of dioctyl phthalate
were observed.
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 4.6 DATA ON FISH CONTAMINANTS
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Wisconsin Department of Natural Resources (125). 1974 data on these
and other metals are shown in Table 4.6—10 (126). A summary of other
mercury determinations in fish tissues during 1967—68 and 1976 is
contained in Table 4.6-11 (56 and 107).
Organic Compounds
As with heavy metals, the most comprehensive organic analysis of fish
was that conducted in support of the Upper Lakes Reference Study
(Tables 4.6-1 to 4.6—7). Further data on organic compounds in fish
fillets from 1974—1976 can be found in Tables 4.6—10, 4.6—12, 4.6—13.
Whole fish data obtained during 1974 is shown in Table 4.6—14.
The ULRG studies indicated significant increases in the levels of
organic residues in Lake Superior fish near Isle Royale which is a
remote island maintained as a National Park. No power generation
facilities, mining or timber cutting have ever been permitted. Nor
are internal combustion engines allowed. Swain (112) therefore
undertook a comprehensive study to determine the possibility of
atmospheric precipitation as a source of organic contamination of fish
tissue obtained from the Isle Royale area. Subsequently fish from the
Lake Superior waters and from the Siskiwit Lake which is located
within Isle Royale, were analyzed for approximately 14 organic com—
pounds. The results which are shown in Table 4.6—15 indicate that
generally Siskiwit lake trout contain chlorinated hydrocarbons at
levels which exceed those observed in Lake Superior lake trout.
Swain's results showed the significance of atmospheric transport, and
the results of his precipitation analyses are shown in Table 4.3-1.
The ULRG reported a wide range of organic compounds found in Lake
Superior lake trout (Table 4.6—16). In its report (109), the Reference
Group statedthat "Lake Superior is being contaminated with persistent
toxic organic compounds from essentially unknown sources." "There is
also a real potential that if pollution by toxic organics continues
unchecked, the fisheries may eventually be lost because of public
health problems or, in the extreme, actual loss of the resource from
the lakes. This evidence indicates apparent ineffectiveness of con—
trolling toxic organics through partial bans."
An additional study of interest is by Sills and Allen (106). Efforts
were made to quantify the levels of the lampricide TFM in lake trout.
However, as seen in Table 4.6—17, no TFM could be detected.
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TABLE 4.6-2
CONCENTRATIONS (MO/KO WET WEIGHT BASIS) OF SELECTED TRACE CONTAMINANTS
IN FISH COLLECTED FROM NEARSHORE LAKE SUPERIOR WATERS, 1974
MICHIGAN AND WISCONSINa
          
LOCATION SPECIES DDT PCB DIELDRIN MERCURY COPPER ZINC LEAD CADMIUM
MICHIGAN
Detection Limit 0.01 0 01 0.01 0.01 0.01 0.01 0.01 0.01
Whitefish Point Lake Trout 0.74 0.98 0.01 0.10 0.34 5.80 0.39 0.02
Fat Lake Trout 1.15.7 5.18 0.05 0 30 0. 3‘) 2.87 0.45 0.02
Mottled Slulpin 0.13 0.44 0.02 0.04 0. 2 11.90 1.50 0.09
Grand Marais Lake Trout 1.03 1.61 0.0? 0.39
Mottled Sculpin 0.10 0. 3‘) 11 0.01 0 66 11.70 1.40 0.07
Munising Herring, 0.17 0 1.? 0.01 0 18
Lake Trout 3.31 1 11 0.04 I) 44
Fat Luke Trout 3.4 5 10 0.04 0.71
Mottled Srulpin 0.01 0 09 h 0.07
Whitefish 0.19 0 17 0.19 0.04
Marquette Lake Trout 1.15 1 95 0.0L1 0. 1.’
Fat Lake Trout 1.89 5 05 0.08 0.64
Mottled Slulpin 0.011 0.15 1: 0.0.)
Whitefish 0.39 0 11 0.03 007
Presque Isle Mottled Srulpin 0.01 1: h 0 04
Big Bay Lake Trout 0.85 1.11 1» 0.16
Mottled Srulpin 0.09 0.15 0.01 0.05 0.9) 12.50 1.20 0.12
Hutch Bay Mottled Svulpin h h h 0.05 0.75 12.15 1 10 0.10
L'Anse Mottled St'ulpin o 1) h 0.02 0.66 11.78 1 40 0.08
Lower Portage Entry Herring 1.18 1.03 0.1.7
Lake Trout 1.35 h 0.02 0.11 0.56 5.11 0.26 0.09
Mottled Sculpin 0.09 0.04 h 0.02 0 1 11.86 1 20 0.10
Grand Traverse Bay Mottled Srulpin 0.02 h h 0.02
Bete Grise Whitefish 0.69 0.89 0.08 0.16
Copper Harhor Lake Trout 2.44 2.99 0.0.7 0. So
Mottled Sfulpin 0.04 0.09 h 0.03 0.90 11.92 1.30 0.11
Eagle Harbor Mott led Sculpin 0.10 0.15 1) 0.02
Eagle River Mottled Srulpin 0.43 0 46 0 03 0.04
Upper Portage Entry Lake Trout 0.98 1 17 0.02 0 43 0. )5 1.34 0.10 0.02
Mottled Sculpin b h h 0.05 1.12 12.45 1.50 0.13
Carver's Bay Mottled Sculpin 0.45 0.37 0.03 0.03 0.81 11.81 1.20 0.11
Big Iron River Mottled Sculpin 0.05 0.09 h 0.05 0.90 13.13 1.40 0.11
Black River Lake Trout 1.51 2 09 0.01 0.1l 0.40 5.44 0.36 0.02
Fat Lake Trout 5.11 8.37 0.07 0.58 0.39 1.12 0.28 0.04
Mottled Sculpin 0.62 h h 0.01
lsle Royale Fat Lake Trout J. 10 2.13 11 0 '38
Mottled Sculpin 0.06 1. 30 34.80 0.15 <0.05
Little Girls Point Lake Trout 0.47 l 25 0.03 0.22 0 56 6.16 0.25 0.02
Herring 0.61 1.10 22.45 0.39 0.22
Whitefish 0.06 0.82 8.00 0.23 0.09
WlSCONSIN
Detection Limit 0.001 0.001 0.001 0.01 0.01 0.01 0.02 0.05
Mouth of Bad River Bullhead 0.011 0.050 ’1 0.11 1.10 18.00 <0.02 <0.05
Northern Pike 0.008 0.020 1 0.29 0.20 7.00 0.03 \0.05
Walleye 0.023 0.200 0.004 0.02 0.58 13.00 <0.02 0.06
White Sucker 0.058 0.024 ’1 0.23 0.34 2.00 <0.02 0.08
Kakagon Slough
Bullhead
0.018
0.017
0.002
0.09
0.57
15.00
0.03
0.06
Northern Pike 0.015 0.030 1 0.22 0.34 39.00 <0.02 «0.05
Yellow Perch 0.030 0.050 1 0.02 0.32 17.00 <0.02 0.05
Chequamegon Bay Herring 0.057 0.097 '1 0.0") 0.29 12.00 0.05 0.05
Nortern Pike 0.025 0.026 ‘1 0.03 0.24 30.00 <0.02 <0.05
Smelt~ 0.173 0.202 0.004 0.08 0.46 21.00 0.02 0.07
Walleye
0.034
0.110
1
0.12
0.25
12.00
0.04
<0.05
Whitefish 0.129 0.202 0.019 0.08 0.40 14.50 0.04 0.07
Yellow Pervh 0.043 0.046 0.003 0.03 0.30 16.60 0.15 0.05
Onion River
Mottled Sculpin
0.04
1.67
28.10
0.07
<0.05
Stockton Island
Mottled Svulpin
0.03
1.23
21.93
0.25
0.05
Spoonhead Sculpin 0.045 0 300 0 057 0.11 1.28 22.90 0.38 0.09
Bayfield
Lake Trout
0.37
0.73
6.90
<0.05
0.06
Bark Bay
Brook Trout
0.06
0.69
3.80
<0.05
<0.05
Port Wing
Burbot
0.48
0.76
7.13
0.07
<0.05
Cisco 0.11 0.73 10.20 0.08 <0.05
Lake Trout 0.15 1.20 12.40 0.09 <0.05
Long Nose Sun‘kvr 0.12 1.40 15.20 0.13 0.09
Rainbow Trout 0.13 1.05 4-50 0.26 <0.05
Smelt 0.10 0.69 23.00
Sea Lamprey
1.32
2.80
34.90
<0.05
0.05
Mouth of Brule River
Brown Trout
0.193
0.145
0.006
0.12
0.49
6.20
0.04
<0.05
Rainbow Trout
0.110
0.065
0.002
0.11
1.85
6.10
0.07
<0.05
Walleye
0.074
0.080
0.005
0.20
0.59
11.03
0.05
0.10
West of Brule River
Rainbow Trout
0.070
0.110
<0.001
0.10
0.36
5.80
0.03
0.02
Smelt
0.200
0.263
0.007
0.93
0.38
24.30
0.04
0.07
Walleye
0.229
0.218
0.003
0.38
0.30
8.18
0.03
0.05
3. information from refercmos
b. not detected.
  
 TABLE 4.6—3
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ME
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OM
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SH
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E
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S
U
P
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R
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O
R
W
A
T
E
R
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Benzene hexachloride
Heptachlor—heptachlor epoxide
Dieldrin
Endrin
Aldrin
Lindane
DDT
DDD
DDE
Chlordane
Methoxychlor
Mirex
Po
ly
ch
lo
ri
na
te
d
bi
ph
en
yl
(P
CB
)
Polybrominated biphenyl
Hexachlorobutadiene
Hexachlorobenzene
Dibutylphthalate
Diethylphthalate
Diethylhexylphthalate
Copper
Nickel
Lead
Zinc
Cadmium
Manganese
Arsenic
Chromium
Selenium
Mercury
Gross a
Cross 8
Fillet
Whole fish
Mi
ch
ig
an
Wi
sc
on
si
n
Mi
nn
es
ot
a
On
ta
ri
o
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x
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»
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>
€
-
X
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>
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*
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>
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 TA
BL
E
4.
6-
4
MEAN CONCENTRATIONS OF TRACE METALS AND ORGANIC CONTAMINANTS (uG/G) AND EAT (Z)
IN SLIMY SCULPINS (WHOLE FISH) FROM THE OPEN WATERS OF LAKE SUPERIORa
COMPOUND or LAKE AVERAGE
ELEMENT GRAND MARAIS DULUTH APOSTLE ISLANDS WHITEFISH POINT (UNWEIGHTED)
Nb
34 50
50
92
:1C 2 3 10 10
Fat
4 (0.50) 4 (0.33) S (0.26) 4 (0.22) 4.2
Total PCB
0.36 (0.14) 0.29 (0.05) 0.18 (0.02) 0.16 (0.02) 0.25
Total DDT
0.20 (0.06) 0.17 (0.01) 0.18 (0.02) 0.16 (0.01) 0.18
op' DDT 0.03 (0.01) 0.02 (0.003) 0.02 (0.006) 0.03 (0.005) 0.02
op' DDE
0.01 (0.00) 0.01 (0.00) 0.01 (0.002) 0.01 (0.002) 0.01
pp' DDT
0.05 (0.01) 0.05 (0.009) 0.06 (0.005) 0.04 (0.004) 0.05
pp' DDE
0.08 (0.02) 0.05 (0.003) 0.07 (0.007) 0.06 (0.01) 0.06
pp' DDD
0.04 (0.01) 0.03 (0.003)
0.02 (0.003)
0.02 (0.003)
0.03
Dieldrin
0.02 (0.005) 0.02 (0.003) 0.05 (0.006) 0.05 (0.003) 0.04
Lindane (BHC)
0.01 (0.003)
Chlordane
0.06 (0.006)
Methoxychlor <0.05
Mercury
0.16 (0.00) 0.05 (0.006) 0.0/ (0.004) 0.09 (0.006) 0.09
Arsenic 0.24 (0.007)
Cadmium -
Chromium
—
Copper
4.59d(0.22)
Lead —
Selenium
0.60 (0.01)
Zinc
21.0d (0.36)
2
5
3
     
a. The number in parentheses is the standard error of the mean.
b. Number
of individu
al fish.
c. Number of composites analyzed.
d. n = 8
    
2
5
4
  
TABLE 4.6-5
ME
AN
CO
NC
EN
TR
AT
IO
NS
OF
TR
AC
E
ME
TA
LS
AN
D
OR
GA
NI
C
CO
NT
AM
IN
AN
TS
(M
G/
G)
AN
D
FA
T
(%
)
IN
BU
RB
OT
(W
HO
LE
FI
SH
)
FR
OM
TH
E
OP
EN
WA
TE
RS
OF
LA
KE
SU
PE
RI
OR
a
CO
MP
OU
ND
or
EL
EM
EN
T
AP
OS
TL
E
IS
LA
ND
S
CO
PP
ER
MI
NE
BA
NK
PI
C
BA
NK
L
AK
E
A
V
E
R
A
G
E
(u
nw
ei
gh
te
d)
N
50
45
n
10
10
Fa
t
4
(0
.3
7)
6
To
ta
l
PC
B
1.
48
(0
.2
4)
1.
40
To
ta
l
DD
T
1.
51
(0
.2
4)
1.
16
op
'
DD
T
0.
06
(0
.0
07
)
0.
04
op
'
DD
E
0.
03
(0
.0
06
)
0.
02
pp
'
DD
T
0.
49
(0
.0
7)
0.
32
pp
'
DD
E
0.
75
(0
.1
6)
0.
68
pp
'
DD
D
0.
18
(0
.0
2)
0.
10
Di
el
dr
in
0.
06
(0
.0
04
)
0.
04
Li
nd
an
e
(B
HC
)
0.
06
(0
.0
08
)
0.
04
Ch
lo
rd
an
e
0.
17
(0
.0
2)
0.
19
Me
th
ox
yc
hl
or
<0
.0
5
<0
.0
5
Me
rc
ur
y
0.
48
(0
.0
7)
0.
40
Ar
se
ni
c
0.
71
(0
.0
4)
0.
54
Ca
dm
iu
m
0.
03
(0
.0
02
)
0.
03
Ch
ro
mi
um
0.
06
(0
.0
03
)
0.
07
Co
pp
er
1.
52
(0
.0
6)
1.
61
Le
ad
0.
04
(0
.0
04
)
0.
05
Se
le
ni
um
0.
51
(0
.0
1)
0.
65
Zi
nc
13
.9
(0
.2
0)
12
.9
  
35
10
(0
.2
3)
5
(0
.3
5)
(0
.1
1)
1.
59
(0
.2
4)
(0
.1
0)
1.
81
(0
.3
4)
(0
.0
05
)
0.
09
(0
.0
1)
(0
.0
04
)
0.
01
(0
.0
01
)
(0
.0
3)
0.
52
(0
.0
9)
(0
.0
7)
1.
03
(0
.2
3)
(0
.0
1)
0.
16
(0
.0
2)
(0
.0
03
)
0.
05
(0
.0
06
)
(0
.0
1)
(0
.0
08
)
(0
.0
2)
0.
80
(0
.0
6)
(0
.0
3)
(0
.0
02
)
(0.0
04)
(0
.0
2)
(
0
.
0
0
2
)
(0
.0
1)
(0
.2
3)
  
.
g
o
O
N
O
N
O
N
Q
'
N
q
u
‘
T
O
O
Q
w
P
-
l
m
m
m
o
o
O
O
H
L
O
H
H
O
O
O
O
O
O
O
O
\
0
L
n
N\
0
C
O
0.03
0.
06
1.
56
0
.
0
4
0.
58
13
.4
 
a.
Th
e
nu
mb
er
in
pa
re
nt
he
se
s
is
th
e
st
an
da
rd
er
ro
r
of
b.
Nu
mb
er
of
in
di
vi
du
al
fi
sh
.
c.
N
u
m
b
e
r
of
c
o
m
p
o
s
i
t
e
s
a
n
a
l
y
z
e
d
.
t
h
e
m
e
a
n
.
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A
B
L
E
4
.
6
-
6
MEAN CONCENTRATIONS OF TRACE METALS AND ORGANIC CONTAMINANTS (us/G) AND FAT (%)
IN ,LAKE TROUT (WHO
LE FISH) FROM THE
OPEN WATERS OF LAK
E SUPERIORa
COMPOUND or GRAND APOSTLE KEWEENAW WHITEFISH COPPERMINE CHUMMY PIC BATEAU LAKE AVERAGE
ELEMENT MARAIS DULUTH ISLANDS POINT POINT BANK BANK BANK ROCK (unweighted)
.
0
N 12 41 46 50 30 49 50 50 50
n 10 10 10 10 10 10 10 10 10
Fat 20 (1.84) 16 (0.78) 15 (0.60) 31 (1.13) 17 (1.11) 26 (1.15) 18 (0.67) 21 (0.61) 16 (0.78) 20.0
Total PCB 1.72 (0.22) 1.85 (0.09) 1.80 (0.22) 4.32 (0.27) 0.80 (0.07) 2.27 (0.26) 1.15 (0.13) 2.67 (0.25) 1.65 (0.14) 2.02
Total DDT 1.82 (0.35) 1.64 (0.14) 6.29 (0.76) 7.08 (0.59) 1.12 (0.11) 8.17 (0.70) 1.27 (0.15) 3.99 (0.61) 8.06 (0.89) 4.38
op' DDT 0.14 (0.02) 0.17 (0.02) 0.62 (0.07) 0.40 (0.03) 0.12 (0.01) 0.41 (0.04) 0.11 (0.02) 0.30 (0.03) 0.53 (0.08) 0.31
op' DDE 0.02 (0.003) 0.03 (0.004) 0.34 (0.04) 0.06 (0.01) 0.04 (0.004) 0.10 (0.01) 0.10 (0.01) 0.03 (0.02) 0.19 (0.02) 0.10
pp' DDT 0.42 (0.10) 0.31 (0.03) (0.21) 1.77 (0.15) 0.25 (0.03) 2.21 (0.14) 0.30 (0.04) 1.00 (0.19) 1.93 (0.29) 1.04
pp' DDE 1.07 (0.20) 0.97 (0.09) (0.48) 4.38 (0.38) 0.63 (0.07) 5.15 (0.49) 0.68 (0.07) 2.43 (0.36) 4.64 (0.44) 2.58
pp' DDD 0.17 (0.03) 0.16 (0.01) (0.05) 0.47 (0.05) 0.08 (0.007) 0.39 (0.04) 0.08 (0.01) 0.23 (0.03) 0.77 (0.14) 0.35
Dieldrin 0.06 (0.008) 0.08 (0.006) (0.04) 0.12 (0.02) 0.06 (0.003) 0.10 (0.01) 0.06 (0.006) 0.08 (0.006) 0.32 (0.03) 0.15
Lindane (BHC)
(0.008)
0.20 (0.01)
0.12
Chlordane
(0.08)
0.59 (0.05)
0.56
Methoxychlor
<
<0.05
Mercury 0.52 (0.08) 0.40 (0.02) (0.02) 0.88 (0.03) 0.27 (0.02) 0.78 (0.03) 0.26 (0.02) 0.58 (0.04) 0.50 (0.04) 0.51
Arsenic
(0.02)
0.61 (0.02)
0.51
Cadmium
(0.001)
0.02 (0.001)
0.02
Chromium
(0.005)
0.04 (0.004)
0.04
Copper
(0.04)
0.90 (0.05)
0.82
Lead
(0.005)
0.03 (0.003)
0.04
Selenium
(0.02)
‘
0.54 (0.02)
0.47
Zinc
12.9 (0.31)
11.4 (0.40)
12.2
0
2
5
5
.
.
.
m
w
O
N
Q
O
e
r
-
I
l
ﬁ
m
m
o
N
N
Q
Q
O
W
O
M
Q
O
O
N
O
Q
H
M
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O
O
O
O
O
O
O
O
   
 
   
   
a. The number in parentheses is the standard error of the mean.
b. Number of individual fish.
c. Number of composi
tes analyzed.
    
  
TABLE 4.6—7
ME
AN
CO
NC
EN
TR
AT
IO
NS
OF
TR
AC
E
ME
TA
LS
AN
D
OR
GA
NI
C
CO
NT
AM
IN
AN
TS
(U
G/
G)
AN
D
FA
T
(%
)
IN
LA
KE
TR
OU
T
(W
HO
LE
FI
SH
AN
D
FI
LL
ET
S)
FR
OM
TH
E
OP
EN
WA
TE
RS
IN
TH
E
AP
OS
TL
E
IS
LA
ND
S.
LA
KE
SU
PE
RI
OR
a
CO
MP
OU
ND
WH
OL
E
LA
KE
TR
OU
T
LA
KE
TR
OU
T
FI
LL
ET
or ELEMENT
N:
46
49
n
10
10
Fa
t
15
(0.
60)
9
(0.
38)
To
ta
l
PC
B
1.
80
(0
.2
2)
1.
68
(0
.1
5)
To
ta
l
DD
T
6.
29
(0
.7
6)
2.
99
(0
.3
1)
op'
DD
T
0.
62
(0.
07)
0.
31
(0.
03)
op
'
DD
E
0.
34
(0
.0
4)
0.
14
(0
.0
1)
pp'
DD
T
1.
25
(0.
21)
0.
67
(0.
08)
pp'
DD
E
3.2
8
(0.
48)
1.
50
(0.
20)
pp'
DD
D
0.
80
(0.
05)
0.
37
(0.
03)
Di
el
dr
in
0.4
7
(0.
04)
0.
21
(0.
02)
Li
nd
an
e
(B
HC
)
0.
05
(0
.0
08
)
0.
03
(0
.0
06
)
Ch
lo
rd
an
e
0.
54
(0.
08)
0.
22
(0.
02)
Me
th
ox
yc
hl
or
<0
.0
5
<0
.0
5
Mer
cur
y
0.3
9
(0.
02)
0.5
1
(0.
04)
Ars
eni
c
0.4
1
(0.
02)
0.3
3
(0.
02)
Cad
miu
m
0.0
1
(0.
001
)
0.0
02(
<0.
001
)
Chr
omi
um
0.0
5
(0.
005
)
0.0
7
(0.
002
)
Cop
per
0.7
5
(0.
04)
0.4
6
(0.
02)
Lea
d
0.0
5
(0.
005
)
0.0
12(
0.0
02)
Sel
eni
um
0.4
0
(0.
02)
0.4
1
(0.
01)
Zin
c
12.
9
(0.
31)
3.6
1
(0.
09)
  
 
  
a.
The
num
ber
in
par
ent
hes
es
is
the
sta
nda
rd
err
or
of
the
mea
n.
b. Number of individual fish.
c. Number of composites analyzed.
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TRACE
ELEMENTS
DETECTED
BY
SPARK
SOURCE
MASS
SPECTROMETRY
IN
WHOLE-FISH
SAMPLES
OF
LAKE
TROUT
FROM
THE
OPEN
WATERS
OF
CONCENTRATIONS IN uG/G
LAKE SUPERIOR.
 
ELEMENT
COPPERMINE BANK
APOSTLE
ISLANDS
Lead
(Pb)
0.10
0.11
Neodymium
(Nd)
—
0.035
Praseodymium
(Pr)
—
—
Cerium
(Ce)
—
0.005
Lanthanum
(La)
—
0.13
Barium
(Ba)
0.055
0.12
Cesium (Cs)
0.010
0.020
Iodine
(I)
16
25
Tellurium (Te)
-
0.010
Tin
(Sn)
7
0.43
Indium
(In)
0.030
0.13
Cadmium
(Cd)
—
—
Silver
(As)
0.045
0.18
Rhodium
(Rh)
—
0.020
Molybdenum (Mo)
0.025
0.22
Zirconium
(Zr)
—
—
Strontium
(Sr)
1.2
2.3
Rubidium
(Rb)
2.8
3.8
Bromine (Br)
3.1
8.2
Selenium (Se)
0.18
0.20
Arsenic (Ar)
0.002
0.005
Germanium
(Ge)
0.24
0.27
Gallium
(Ga)
0.015
0.005
Zinc
(Zn)
21
27
Copper
(Cu)
—
—
Nickel
(Ni)
-
-
Cobalt (Co)
0.36
0.37
Iron (Fe)
14
12
Manganese (Mn)
2.7
3.7
Chromium (Cr)
1.6
0.98
Vanadium (V)
0.085
0.085
Titanium (Ti)
0.16
0.20
Scandium (Sc)
0.055
0.12
Aluminum
(A1)
-
-
Fluorine (F)
0.020
0.46
Calcium (Ca)
>45
>71
Potassium (K)
>16
>16
Chlorine (C1)
> 5
>53
Sulphur (S)
>23
>22
Phosphorus
(P)
>26
>38
Magnesium
(Mg)
> 7
>82
Sodium (Na)
>24
>32
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Arsenic, Cadmium. Chr
  
TABLE 4.6—9
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TABLE 4.6-10
RESULTS OF ANALYSES OF FISH BY THE WISCONSIN DEPARTMENT
OF NATURAL RESOURCES
Metal
. [
nu/Ag
Rad/o
acrfw
ry A
pCf/g
Pcsmc
idex a
nd PC
B; ——
ug/Ag
Sample
Lab
40 1
137 1
Gross
Diel~
Chlor-
Meznox
ya
Locatio
n
Species
&$i:e
No.
No.
As C
o C
r Cu
Hg
Ni
Pb Se
Zn
K
Cs
Beta
Alpha
DDE D
DD DD
T drin
dane
BHC
chlcr F
az% PC
Daxa
57347
.33 .05
6 .10
.30 .08
<.1 < .
02 .37
23 2
.7—.6
.22—05
3,122
<.12 1
59 20
66 13.
9 10
< 1
57348
.25 .09
2 .11
.42 .08
<.1
.06 .38
24 3
.0-.4
.31—.04
3.1—.2
<.14 1
43 20
54 10.
5 10
<1
57349
.38 .06
2 .22
.42 .12
<.1
.06 .40
26 2
.2—.2
20—02
2.9-2
<.14 1
00 12
26 <
1 50
<‘.
57350
.14 .02
9 .06
.28 .39
<.1 <
.02 .52
6.2 3
0-.2
59—02
53—4
<.13 4
00 38
225 4
65 50
< 1
57351 .1
0 .022
.06 .50
.54 <.1
.10 .50
5.7 3.4—.
6 .24—.0
6 4.8—.3
<08 87
17 59
2.4 10
< i
3 mi. wen
of Brule
River
Smelt 5
.7“—10"
"
Smelt 5.7"~10"
Smell 5.7"-10"
Wa eye 21.0"
Wa eye 19.5"
B
3
8/0774
2‘
m
m
N
.
"
3
.
v
v
:
m
N
\
r
i
q
m
w
N
N
N
ﬁ
m
m
v
m
V
V
V
V
V
Walleye 10.8” 5735
2 .26 .051 .07 .24 .48
<.1
Walleye 18
.0"
57353 .0
4 .052
.08 .34
.42 <.1
"
Wa eye 19
.0"
8 57354
.07 .054
.05 .15
.36 <.1
Walleye
"
9.0"—10.
3"
9 573
55 .03
.087 .
08 .27
.10 <.1
.04 .29
15.0 2
.7—.6
55—06
4.3—.3
<17
41 18
40 4.1
50 <1
<2 1
.22 150
"
Rainbow Tiout
"
22.5"
15 57361 .
15 .024 .09
.36 .10 <.1
.03 .52 5.8
3.5—.6 .77—.0
6 4.6—.5 <09
60 3 6
£
0
.02 .42
5.3 2.
954 1
.38—04
5.0-.
.02 .44
10.0 3.3—
.6
.02 .52 6.9 2.9—.6
4.14
A.03
69
12
40
36
2O
<1
.17— 06
4.5—.3
<.14
105
20 7
5 0.
5 50
<05
.17—.0
6 4.
6—.3
<.10
75
12
45 <
1
40
< 1
aU
1
i
n
m
V
i
n
:
1
(
*
1
.
5
1
.
m
e
r
V
V
V
V
I
\
o
m
(
x
)
v
V
0.5
In:
<0.
5<
‘.
2.70
110
"
c
)
Mou1h of Brule Ri
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TABLE 4.6
—12 CONT'D
 
Species
Fat Trout
1975
Lake Trout
1075
Zone
M
S
—
5
MS-3
MS—4
MS-6
Size
3- 5
5—10
3— 5
5-10
lbs
lbs
lbs
lbs
l
b
s
lbs
lbs
lbs
lbs
lbs
lbs
lbs
lbs
lbs
lbs
lbs
Number
\
o
o
o
x
o
q
ll
1
3
12
10
28
DDT
09.21t6.38
11.64f6.2s
22.24t2.a3
10.30
00.58t0.54
00.62f0.2a
01.10i0.33
00.35f0.17
00.43
01.43f1.02
00.40f0.17
00.64f0.19
01.43t0.77
00.55:0.16
00.
51
01.23t0.37
P
C
B
19.37i3.20
24.54f0.33
31.20f4.11
19.00
01.13f0.97
01.43t0.83
01.99:0.96
00.6
0t0.
42
00.93
+
02.58—2.0l
00.67t0.36
01.13fo.21
02.33t1.12
00.7
410.
11
00.65
01.92:0.60
Contaminant level — ppm
MERCURY
00.46t0.14
00.9lt0.15
00.90i0.l7
00.89
00.14to.03
00.1sf0.05
00.30t0.08
00.10t0.03
00.12
00.24t0.ll
00.16t0.04
00.20f0.07
00.35f0.09
00.17T0.00
00.16
00.28i0.1o
DlELDRIN
00.1of0.06
00.11t0.03
00.12f0.00
00.08
00.04f0.00
00.04t0.00
00.05:0.00
00.02T0.00
00.
02
00.04f0.00
00.03t0.00
00.04t0.00
00.05t0.00
00.02t0.00
00.04
+
00.05-0.00
 TABLE 4.6—1}
F
I
S
H
S
P
E
C
I
E
S
C
O
L
L
E
C
T
E
D
A
N
D
A
N
A
L
Y
Z
E
D
F
O
R
P
C
B
S
(Ref.
NAME
Alewife
Bloater Chub
Blue Gill
Brook Trout
Brown Trout
Bowfin
Bullhead
Burbot
Carp
Chub
Cisco
Coho Salmon
Chinook Salmon
Crappie
Freshwater Drum
Gizzard Shad
Herring
Lake Trout
Lake Whitefish
Large Mouth Bass
Menominee
Northern Pike
Panfish
Pumpkinseed
Rainbow Trout
Redhorse
Sheepshead
Small Mouth Bass
Smelt
Sucker
Sunfish
Tiger Trout
Walleye
White Bass
White Sucker
Yellow Perch
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LETTER
CODE
A
BC
B
BT
BR
BW
BU
BB
C
CH
CI
CS
CN
CR
D
GS
H
LT
LW
LMB
M
NP
PF
P
RT
R
SH
SMB
SM
S
SF
TT
W
WB
WS
YP
K
TABLE 4.6-13 CONT'D
 
Fish Collection Description ppm PCB
P0RTION<33 Z
SITE DATE SPECIES SAMPLED ANALYZED FAT LOW HIGH
St. Louis River Mouth 07/74 5C* F 6.8 0,2 ,5 1,0
Nemedji River Mouth
07/74
6C, 4NP, 10w, 16YP
F
3.5
0.1
0.4
1.3
Lk. Superior
Entry
08/76
3w, 1BR, 25
F
3.1
0.1
0.3
0.7
N. Middle River
08/76
8SM, 4CH
EP
4.9
0.3
0.5
0.8
N.E. Poplar 08/76 3LT, 3BR F 7.5 0.3 0.8 1.3
3 m{ W. Brule River 08/74 303M, 10W, 1RT F 2.3 0.1 0.2 0.3
W. Brule River 08/76 1BR, 4W, 4BB, 1H, SS,
2M F
6M3, 3CH EP 3.0 0.1 0.6 1.4
Mouth Brule River 07/74 10w, 2RT, 2BR F 2.7 0.0 0.1 0.2
W. Iron River 08/76 6CH EP 14.1 1.3 1.3 1.3
43 F 3.9 0.4 0.9 1.8
4W F 3.9 0.1 0.4 0.7
N. Port Wing 08/76 88M EP 2.1 0.3 0.3 0.3
W. Herbster 07/76 lBB F 1.0 0.1 0.1 0.1
N. Bark Pt. 07/76 ZLW F 10.8 0.2 1.5 2.7
1LT, 1BB F 5.3 0.1 0.4 0.8
E. of Squaw Bay 07/76 6CH, 88M, EP
43, 2LT F 4.0 0.4 0.8 1.3
N.W. Eagle Island 07/76 lSI F 28.8 2.4 2.4 2.4
N. Sand Island 07/76 6CH EP 7.9 0.8 0.8 0.8
N. Madeline Island 08/76 151 F
SCH EP 11.4 0.8 0.8 0.8
Bad River 09/74 lBR, ZNP, 4BU, 4W, 18 F 2.1 0.1 0.1 0.1
Cheq. Bay 08/74 1H, 16YP, 30SM, 4LW,
3W, 1NP F 3.9 0.1 0.1 0.1
Kakagon 08/74 7YP, 1NP, 29BU F 3.0 0.1 0.1 0.1
       
* Implies 5 carp were analyzed.
(a) F: fillet
EP: edible portion
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TABLE 4 . 6—15
MEAN VALUES OF PERSISTENT ORGANIC RESIDUES IN SELECTED WHOLE FISH FROM VARIOUS REGIONS OF
NO. NO. OF
0F
COMPO
—
LOCATION
FISH SITES
Mean Val
ues Lake
Superior Lak
e Trout 11
5
Isle Royale Area
Group I
Mean Values Lake
Superior Lake Trout 4 3
Isle Roy
ale Area
Grou
p I
I
Lake
Supe
rior
Lake
Trout Exclus
ive of 1
0 8
Isle Royale Area
Lake Sup
erior La
ke 24
16
Trout Al
l Statio
ns
Lak
e S
upe
rio
r L
ake
Trout
Isle R
oyal
15
8
Area
Siski
wit L
ake
2
1
Lak
e T
rou
t
Lak
e S
upe
rio
r W
hit
e—
Fish
Excl
usiv
e of
4
2
Isl
e
Roy
ale
Are
a
Lake
Supe
rior
Whit
e—
30
6
fish
All
Stat
ions
Lak
e
Sup
eri
or
Whi
te—
fish
Isle
Royal
e
4
3
Area
Sis
kiw
it
Lak
e W
hit
e—
4
1
fish
AVE.
LENGTH
5
4
(40-76)
5
4
(49~61)
50
(
4
9
—
6
1
)
5
2
(40—76)
5
4
(40-76)
55
(43
—66
)
51
(45—61)
5
5
(45—61)
57
(50
-62
)
44
(31
-52
)
LAKE SUPERIOR AS COMPARED WITH FISH FROM SISKIWIT LAKE, ISLE ROYALE
(Ref. 112)
WEIGHT
1811
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64
1201
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1077
1497
1777
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X
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15
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 TABLE 4.6—17
(Ref. 106)
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(limit of detection — 0.01 ug/g).
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4.7 Data on Wildlife
Table 4.7—1 summarizes data on organic contaminants and mercury
in ducks, starlings and eggs of herring gulls. The levels of
mercury found in 1970 by the Wisconsin Department of Natural
Resources (124) were not significant in the puddle ducks, coots
and geese throughout the state. Diving ducks, the blue heron
and the hooded merganser were found to contain greater amounts
of mercury. However, few samples were taken from the Lake
Superior Basin. The analyses of herring gull eggs from Lake
Superior showed a diversity of organic contaminants, including
mirex (73, 74). Significant declines were observed in DDE
levels, and apparent declines were noted for PCB and mirex
levels.
 
The results of a recent (163) study of pectoral tissues of
several bird species found in the Duluth—Superior Harbor are
shown in Table 4.7-1. The analyses of a first year gull,
between 4 and 5 months old, from the Duluth-Superior Harbor
revealed several additional contaminants: tetrachloro—
heptachlorobiphenyl, pentachloroanisole, hexachlorobenzene,
tribromoanisole, pentachlorobenzene, chlordane, nonachlor
and mirex.
  
 TABLE 4.7~l
ANALYSES FOR ORGANIC CONTAMINANTS AND MERCURY IN LAKE SUPERIOR WILDLIFE
(mg/kg fresh weighr)
HEFA’ATAA—m
PC Bs
SAMPLING
NO.
PORTION
DIEL— CHLOR
AROCI.OR PHOTO
DATE
SITE
SAMPLES SPECIES ANALYZED MIREX DDE DDD DDT DRIN EPOXIDE 811C 11CB mi PCBs 1260 MIREX $0ch
1970 Totogatic 1 Mallard Muscle
0,02
120
Lake
duck Liver
0.1A
1970
Bayfield
1 Wood duck Muscle
0.01
County
Liver
0.03
1970
Douglas
1 Wood duck Muscle
0.19
County
Liver
0.35
1970
Totogatic
.2
Lake
1 Bufflehead Muscle
1
(diving duck) Liver
.53
1970
Totogatic
l Canvasback Muscle
.01
Lake
Liver
.04
1974
Chippewa
Starlings
0.06
0.04 0.1 TR
R 0.006
0.5
72
County
-
1974-75 Lake Superior 10 Herring Eggs
0.7 19 0.2 0.1 0.4 0.1
0.1 0.4
60
gulls
(0.2—5.2) (9-47)(TR-0.4)(0.2—.6) (0.l—l.A) (0.7—.4) — (.02—.3)(0.Z«0.6)(33—148)
73
1975
Silver
l0 Herring Eggs .6 4 24+l1 .l+.04 .O7+.O3 .04+.3 .2+.08 — .06+.04
82+33 64+27 —
79
Island
gulls
'
‘
‘
‘ ’
‘
‘
.
l977
Silver
10 Herring Eggs .2+.Z l2+7 .l5+.06 .06+.03 .4+.2 — .03+.02 .12+.07
55+22 Aé+l9 .12+.l0
79
Island
gulls
_
_ _
_
_
—
_
- _
1975
Mamainse
10 Herring
l.3+l.7 22f9 .08+.O4 .l9f.08 .3+.1 .14+.06 H .12+.04
71+38 54+29
Island gulls Eggs _ _
— _ _
1977
Mamainse
Island I 10 Herring Eggs .4+.8 l2f4 .21f.lé .O7f.06 .4f.2 - .03f.02 .13+.06
56+20 47f16
Gulls
1977-78 Duluth—Superio
r 2 Herring Pert
ural 13,3
.00—.43 69—91
103
Harbor
Gulls
Tissue
2
7
4
m
+
1
(
\
1
m
"
1
l Herring Pectorul
3.3
.19
 
Cull Tismu
(ls:
year)
1
Herri
ng
Pertu
ruI
Cull
Tiss
ue
(2nd Year)
PUFt
UFdl
Tis
sue
 
3 Mallard
Pectoral
Tissue
l Scaup
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Tissue
1
Belte
d
Pecto
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Kingfish
er Tis
sue
1 American
Pectoral
coot Tissue
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yea
rs
196
9 t
o 1
971,
wer
e
obt
ain
ed
fro
m r
efe
ren
ce
131
.
In
man
y i
nst
anc
es
it
was
dif
fic
ult
to
det
erm
ine
if
the
val
ues
giv
en
wer
e
for
"di
sso
lve
d"
or
"to
tal
"
met
als
.
Ta
bl
e
5.
1—
2
sh
ow
s
th
e
re
su
lt
s
of
a
st
ud
y
by
Le
la
nd
(13
4)
to
de
te
rm
in
e
the
con
cen
tra
tio
ns
of
sol
ute
tra
ce
ele
men
ts
in
the
epi
lim
nio
n o
f
sou
the
rn
Lak
e M
ich
iga
n.
Est
ima
ted
ran
ges
and
ave
rag
es
of
tra
ce
met
al
con
cen
tra
tio
ns
in
the
off
sho
re
wat
ers
of
Lak
e M
ich
iga
n a
re
sho
wn
in
Tab
le
5.1
-1
and
5.1
—3
(13
1,
132
).
Dis
tri
but
ion
of
zin
c
as
det
erm
ine
d
by
the
Env
iro
nme
nta
l R
ese
arc
h G
rou
p (
132
) i
s s
how
n i
n F
igu
res
5.1
—1.
275
 Th
e
Mi
ch
ig
an
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
(1
35
)
re
po
rt
ed
th
e
re
su
lt
s
of
it
s
re
gu
la
r
st
ud
ie
s
of
La
ke
Mi
ch
ig
an
wa
te
rs
fr
om
wa
te
r
tr
ea
tm
en
t
pl
an
t
in
ta
ke
s
an
d
fr
om
th
e
mo
ut
hs
of
va
ri
ou
s
tr
ib
ut
ar
ie
s.
Th
ei
r
re
su
lt
s
ar
e
su
mm
ar
iz
ed
in
Ta
bl
e
5.
1—
1.
Ne
ar
sh
or
e
da
ta
we
re
re
po
rt
ed
in
19
78
by
PL
UA
RG
(9)
an
d
by
Ro
ss
ma
n
(1
36
),
an
d
th
e
da
ta
ar
e
also presented in Table 5.1—1.
Ta
bl
e
5.
1—
4
su
mm
ar
iz
es
th
e
he
av
y
me
ta
l
co
nc
en
tr
at
io
ns
in
La
ke
Mi
ch
ig
an
tr
ib
ut
ar
ie
s
as
re
po
rt
ed
by
th
e
Mi
ch
ig
an
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
(1
35
).
Ta
bl
es
5.
1—
5
an
d
5.
1—
6
sh
ow
th
e
re
su
lt
s
of
tw
o
ot
he
r
tr
ib
ut
ar
y
studies (137, 138).
Organic Contaminants
 
Fr
om
196
2
to
19
71
si
gn
if
ic
an
t
am
ou
nt
s
of
da
ta
we
re
ob
ta
in
ed
for
ph
en
ol
con
cen
tra
tio
ns
in
sou
the
rn
Lak
e M
ich
iga
n w
ate
rs.
Tab
le
5.1
—7
sho
ws
som
e
phe
nol
lev
els
whi
ch
wer
e
obs
erv
ed
wit
hin
a n
ine
yea
r p
eri
od
(13
1).
In
th
e
lat
e
196
0's
,
DDT
,
DDD
,
DD
E
an
d
di
el
dr
in
we
re
fo
un
d
in
mea
sur
eab
le
qua
nti
tie
s
(13
1,
139
),
and
dur
ing
the
197
0's
som
e w
ate
r
sam
ple
s h
ad
PCB
s
in
con
cen
tra
tio
ns
of
0.0
12
to
0.0
56
ug/
L
(13
1,
140
).
How
eve
r,
PCB
s
cou
ld
not
be
det
ect
ed
in
man
y
of
the
sam
ple
s.
Sin
ce
197
4
the
Mic
hig
an
Dep
art
men
t
of
Nat
ura
l R
eso
urc
es
has
reg
ula
rly
ana
lyz
ed
the
Lak
e M
ich
iga
n n
ear
sho
re
wat
ers
and
tri
but
ari
es,
for
app
rox
ima
tel
y 1
5 o
rga
nic
com
pou
nds
inc
lud
ing
PCB
s,
pht
hal
ate
est
ers
and
chl
ori
nat
ed
pes
tic
ide
s.
The
res
ult
s w
hic
h a
re
sho
wn
in
Tab
les
5.1
—8
and
5.1
—9
ind
ica
te
tha
t p
hth
ala
te
est
ers
are
fre
que
ntl
y f
oun
d a
t
elevated levels.
The
mos
t e
xte
nsi
ve
att
emp
t t
o i
den
tif
y o
rga
nic
con
tam
ina
nts
in
the
wat
ers
of
the
Lak
e M
ich
iga
n B
asi
n w
as
und
ert
ake
n
by
Ewi
ng
and
Chi
an
(18
) i
n 1
975
—76
.
The
sam
pli
ng
sit
es
are
lis
ted
in
Tab
le
5.1
-10
.
Sev
era
l
sam
ple
s
may
hav
e
bee
n t
ake
n
fro
m e
ach
sit
e,
and
the
rea
der
is
ref
err
ed
to
ref
ere
nce
18
for
fur
the
r
det
ail
s.
The
obs
erv
ed
con
cen
tra
—
tio
ns
of
"vo
lat
ile
,"
"ac
id—
ext
rac
tab
le,
" a
nd
"ba
se-
ext
rac
tab
le"
org
ani
c
com
pou
nds
,
are
lis
ted
und
er
eac
h
sam
pli
ng
sit
e
(in
acc
ord
anc
e
to
the
sit
e n
umb
er
des
ign
ate
d
in
Tab
le
5.1
—10
),
in
Tab
les
5.1
—11
to
5.1
-13
.
Ran
ges
of
con
cen
tra
tio
ns
are
den
ote
d
at
the
sit
es
whe
re
several samples were taken.
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 TABLE 5.1-1
HEA
VY
MET
AL
CON
CEN
TRA
TIO
NS
IN
LAK
E M
ICH
IGA
N W
ATE
RS
 
pp
b(
ug
/L
)(
a)
DATE &
SAMPLING
MOLYB—
INFORMATION
FREQUENCY STATION
ARSENIC CADMIUM CHRO
MIUM COBALT COPPER L
EAD MERCURY DENUM
NICKEL SELENIUM SILVE
R VANADIUM ZINC
SOURCE
1969—70 12 inshore
.98 - 1.6
0.2 N.D.-18 —
.03 N.D.—4.8 —
.08 .32 .24
21
(3 times) stations (b
) (.17—l.9)
(.5-3.Z) (.03-.57)
(.02—.03)
(.02—.17) (.06-l.1) (.15~
.42) (2.2—80) 131
8 offshore 1.
0 - 1.8
.17 N.D.-17 -
.02 N.D.-4.8 -
.l .32 .23
16
stations (b) (.38—2
.6) (.8-4.)
(.06-.55)
(.Ol—.02)
(.08—.14)(.18—l.2) (.15
—.32) (1.9-62) 131
1970 10m depth near: — 1.0(e) — ~ .8(e) .2(e) — — — — - — -
Waukegon - — — — 19 (d) 3.3(d) — — — — — — -
Ludington - - — - .4(d) .6(d) — - — - — - -
1970-71 Kenosha Public 1.6 <1 <1—7 — - 2 .22 — <3 - - — 160
(monthly) Water Supply
Intake (.7—3.7)
(1-5) (—11—.53) —
<3 — -
— (43—450) 131
Waukegon Gen
erating 2
.4 <1
4 -
14 9
.84 —
<3 —
— —
—
Station Intake (.6—4.9) (1—14) (1-35) (4—15) (.07-2.97) — <3 - — - -
North Chicago 1.4 <1 2 - <1-2 2 .56 - :3 - - ‘ 8
Public Water Supply (.5-3.4) (.06—3.) (1-26) 131
Intake
‘4 1969—71 Estimated General 1—2 <1 .5-6 .O3—.6 5—10 1—8 .02-.4 N.D.-2 2—5 .1-1 .3(b) .2(b) 2—60 131
Offshore Concentra—
tion
1974-77 Ford River WTP
(annual) Mouth of Ford <1—2 .5—2 - — 1-3 <1-34 <.1—.3 — 11—12 <2 <1 ~ 9-15 135
River
1973—77 Grand Haven <l—2 1—3 — - 5—6 20—22 <.1—.2 — 33—34 <1 <1 — S—A6 135
(annual)
Mouth Grand
River
1972—77 City of <l—.4 <.l—.5 2—6 — 8—16 <l—6 <.1—.4 — <S—9 <2 <1 . 2—15 135
(annual & Holland WTP
quarterly)
1974—77
Manistique
<1—.3 <.
1-2 —
— 1-3
<1_9 <‘1
_,3 _
6-8 <2
<1 _
b_14 1
35
(annual)
River Mouth
1974—77 Masonville, (.2 1—3 -— — <l-4 <1—10 <.l-.8 - 9-11 <1 <1 -‘ 6-22 135
(annual) White Fish
River Mouth
1972—77 Menominee <1—5 <.l—1 <1-3(b) - 7—34 <1-30(b) <.1—.4 — 5—16 <1 <1-2(b) — 43—300 135
(annual & Water Intake
quarterly) (Green Bay)
 2
'
7
8
T
A
B
L
E
5
.
1
—
1
C
O
N
T
'
D
ug/L
DA
TE
8
S
A
ﬂ
y
L
I
N
G
F
R
E
Q
U
E
N
C
Y
1
9
7
2
-
7
7
(
a
n
n
u
a
l
&
qu
ar
te
rl
y)
1
9
7
3
-
7
7
(a
nn
ua
l)
19
73
-7
7
(a
nn
ua
l)
19
73
—7
7
1
9
7
4
—
7
6
19
77
ST
AT
IO
N
AR
SE
NI
C
CA
DM
IU
M
CH
RO
MI
UM
CO
BA
LT
S
t
.
J
o
s
e
p
h
W
a
t
e
r
<
1
-
l
<
.
1
—
1
_
_
In
ta
ke
St
.
J
o
s
e
p
h
R
i
v
e
r
1-
2(
b)
Mo
ut
h
S
a
u
g
a
t
u
c
k
,
K
a
l
a
m
a
z
o
o
<
1
—
3
(
b
)
Ri
ve
r
Mo
ut
h
T
r
a
v
e
r
s
e
C
i
t
y
<
1
_
_
4
(a
nn
ua
l)
Ne
ar
sh
or
e
be
tw
ee
n
S
t
.
J
o
s
e
p
h
a
n
d
Mi
ch
ig
an
Ci
ty
—E
p
i
l
i
m
n
i
o
n
(
f
)
—
H
y
p
o
l
i
m
n
i
o
n
(
f
)
—E
pi
li
mn
io
n(
b)
l.
-H
yp
ol
im
ni
on
(b
)
1
r
-
4
r
—
4
Ne
ar
sh
or
e
to
<2
<2
30
km
fr
om
sh
or
e
ss
um
ed
to
be
"t
ot
al
"
un
le
ss
ot
he
rw
is
e
sp
ec
if
ie
d
(a)
(b)
(C
)
(d
)
"
d
i
s
s
o
l
v
e
d
"
hi
gh
er
va
lu
es
th
an
th
os
e
in
di
ca
te
d
ac
id
ex
ch
an
ge
ab
le
"
f
r
e
e
"
m
e
t
a
l
(e)
(f
)
p
a
r
t
i
c
u
l
a
t
e
f
r
a
c
t
i
o
n
C
O
P
P
E
R
22-
83
6—17(b)
6
—
l
l
(
b
)
2
-
8
(
b
)
L
E
A
D
<
1
—
4
7-
26
6-
21
1
—
2
4
(
b
)
 
M
E
R
C
U
R
Y
<
.
1
—
.
4
MO
LY
DE
NU
M
NI
CK
EL
SE
LE
NI
UM
—
6—
28
<1
-
21
—2
2
<1
—
22
—2
6
<1
-
10
—1
3
<l
in
th
is
ta
bl
e
we
re
no
te
d
in
th
e
vi
ci
ni
ty
of
po
we
r
pl
an
ts
 
SI
LV
ER
<
1
-
<
1
—
2
(
b
)
-
IN
FO
RM
AT
IO
N
SO
UR
CE
 
15—
16
8
<
f
<
f
3
7
m
)
0
0
0
0
0
0
0
135
135
136
  
FI
G
U
R
E
5
.
1
—
1
zmc DISTRIBUTION m LAKE MIC am
Tumo cams: WATER (we)
16
o
.
m
\ arena Rw¢r
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2
8
0
.
TA
B L
E
5.
1—
2
(Ref.
134)
Con
cen
tra
tio
ns
(pg
/li
tre
)
of
sol
ute
tra
ce
ele
men
ts
in
the
epi
lim
nio
n
of
sou
the
rn
Lak
e M
ich
iga
n
(19
71)
*
JU
NE
 
EL
EM
EN
T
ME
AN
RA
NG
E
JUL
Y
AUG
UST
  
ME
AN
RA
NG
E
ME
AN
RA
NG
E
OC
TO
BE
R
 
ME
AN
RA
NG
E
0.1
4.
4
0.9
1.1
7.5
Ca
dm
iu
m
0.
04
—
Co
pp
er
0.4
-
0.7
-
2.3
Ch
ro
mi
um
Le
ad
Zinc
0.1
3
.
8
0.
8
1.0
5.
6
0.0
5—
0.1
9
5.
6
1.5
0.
5
—
2.9
2.
9
-1
0.
0.
1
3.9
0.8
0.8
5.6
0.05-
0.39
2.4
- 5.
1
0.5
- 3.
1
0.6
— 9.
5
2.2
-21.
0.1
4.4
1.0
1.1
6.
0
0.07—
2.4
-
0.7 —
3.
4
*Ra
nge
s
are
for
41
loc
ati
ons
sam
ple
d.
Me
an
s
ar
e
fo
r
lo
ca
ti
on
s
6.
4
km
or
gr
ea
te
r
fr
om
sh
or
e.
 
Ag
A1
As
Au
Ba
Br
Ca
Ce
Cl
Co
Cr
Cs
Cu
Eu
Fe
Hf
Hg
1.)
  
TABLE 5.1—3
(Ref. 132)
AVERAGE TRACE ELEMENT CONCENTRATIONS FOUND IN LAKE MICHIGAN
WATER PARTS PER BILLION
(1969—1970)
3 K 1600
27 La .2
1 Lu <.009
.002 ' Mg 11500
37 Mn 1
50 Mo 21
35000 Na 5000
7 Rb 1
11000 Sb .23
.18 Sc .003
1.7 Se .083
.014 Sm .03
=5 Sr 97
.0086 Th .0024
19 V 2
.004 Yb <.01
.027 Zn 16
Data by Atomic Absorption.
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 TAB
LE
5.1
-4
HEAVY
METAL
CONCE
NTRAT
IONS
IN WA
TERS
0F TR
IBUTA
RIES
T0 LA
KE MI
CHIGA
N
ppb (
Hg/Ma
No.
Infor
matio
n
Date
Stati
ons
Sampl
es
As
Cd
Cr
Co
Cu
Pb
Hg
M0
Ni
Se
Ag
V
Zn S
ource
1971
16 ri
vers
(b)(d
) 5
—
—
.4—22
1.5—1
0
—
-
1.8—3
1 2.
8—41
-
—
-
1.5—1
0.8
137
(See Table 5.1-5)
1971(
2) 2
1 tri
butar
ies(c
)
—
—
.1—6
—
-
.1—6
—
.2—10
—
—
.1~9
.3—7
—
138
(See Table 5.1-6)
(d)
(d)
(d)
(d)
—
8—2
3
135
1974-
77 B
etsie
River
, MI
5
<1-.4
.1—2
—
— 2
~9
<1-15
Crys
tal
Lake
Twp.
_ _
_ (d)
1973
-77
Elan
k Cr
epk.
MI
5
<1-2
1-3
—
- 2
—6
(d)
<2
(1 1
13 31
135
Egelston Twp
 
1974
—77
Esca
naba
Rive
r,
MI 4
<.2—
l
Corne
ll Tw
p.
1974
-77
Esca
naba
River
, MI
4
<.2—
1
<2
<1—1
3
—
12—24
135
Wells Twp.
2
8
2
1975
—77
Gran
d Ri
ver,
MI
3
<1—3
.5-3
—
— 3
—5
2—18
<.2
-
24—3
2
<2
<1
—
10
135
Ada Twp.
 
1973—
77 G
rand
River
, MI
36
2—4
<.1—1
2
—
— 2—
100
<1—21
0
< 2-1
2 -
<5—17
o
<1
<5—3
—
2—120
135
Delta Twp.
1971—
77 G
rand
River
~ 10
<1—
(d) <
l—16
<.2—1
.7
20-42
<2
<1—2
-
11-34
135
Water
Works
Intake
|
m
I
N
N
l
v
—
1
V
L
‘
J
4—32
(d)
1973-
77 G
rand
River
14
<1—4
1—3
—
— A—
28
3—27
<.2—.
1 -
32—34
<2
<1
—
14-22
135
Gra
ndv
ill
e,
MI.
ITAB
LE
5.1
-4
CON
TD
HEAVY METAL CONCENTRATIONS IN WATERS OF TRIBUTARIES TO LAKE MICHIGAN
ppb (
Hg/’0
8
 
No.
Information
Date Stations Samples As Cd Cr Co Cu Pb ng Mo Ni Se Ag V Zn Source
1973-77 Grand River 11 2—4(d) 4—6 — — 8-17 13—47 <.2—.2 — 20—42 <2 <l—?(d) — 11—3A 135
Rives Twp.
1974—77 Grand River 72 — <.l-16 — — <l—75 <1—170 — — <5—110 <2 — — <1—l90 135
Windsor
Twp.
1973—77 Kalamazoo River 11 <1—2 .2—5(d) —
— 8—18 2—22 <.2—1 - 21—29 <2 <1—l(d) — 16-270 135
Cooper Twp.
1975—77 Kalamazoo River 5 <l—2 .1—3
—
— 6—13 <l—l9 <.1—.5 — 24—26 <2 <1
— 10—12 135
Comstock, MI
1973—77 Manistee River 5 — — — — 2-3 _ _ _ _ <2 <1_2 _ _ 135
Manistee, MI
 
1974—77 Manistique River 4 <1—.2 <.1-l -
— <1—3 <l—10 <.l—.3 — 5—7 <1—l(d) <1-.9 -
8—28 135
Germfask Twp.
2
8
3
1974-77 Menominee River 4 <l—1 1‘4 — — 2-25
Mellen Twp.
2—14 <.1—.7 — 8—11 <2 <1
- 16—38 135
1973—77 Mosquito Creek 7 1 .5-3 — - 1—3 2—30 <.2—.2 — 17—18 <2 <1 - 10-24(d)135
Muskegon Twp.
(d)
(d)
1973—77 Muskegon River 6 <1—2
Muskegon Twp.
3—13 <.1-.2 — 10—14 <2 <1 — 4~52 135
1975—77 Pere Marquette R. 4 <1—1
1—2
—
- <l—Z 4—10 <.1—.8 — 10-12 <2 <1
—
A-lO 135
Custer Twp.
1974—77 Pere Marquette R. 5 <l—l
1—2
—
— <1—2
3—11
<.l—.3
- 14-22
<2
<1
—
8—72 135
Pere Marquette Twp.
  
2
8
4
 
Da
te
197
5-7
7
197
5-7
7
1973—77
197
3-7
7
1973—77
HEAV
Y ME
TAL
CONC
ENTR
ATIO
NS I
N WA
TERS
0F T
RIBU
TARI
ES T
0 LA
KE M
ICHI
GAN
No.
Sta
tio
ns
Sam
ple
s
As
Platt
e Riv
er
3
Hom
est
ead
Twp.
<1-
.2
Pla
tte
Riv
er
3
i<l
—.2
Inlan
d Twp
.
Rabb
it R
iver
6
<1-2
Hopki
ns Tw
p.
St. J
oseph
River
5
<1—2(
d)
Bertra
nd Twp
.
White
River
5
<1—2(
d)
Whiteh
all Tw
p.
C
d
<.
1—
2
C
r
TA
BL
E
5.
1-
4
CO
NT
’ D
C
o
pp
b
(u
s/
l)
a
C
u
1-3
Pb
<l-8
<1-13
3-16(
d) 2-
19
9—10
<1-26
2—12
(d)
15-
22
22-24
12-
14
Sev
<2
<2
<2
<2
<2
A8
<1
<1
<1
<1
<1—1(d)
 
Information
Zn
Sou
rce
4—26
135
3—10
135
14—120
135
16-17
135
4—160
135
(a)
"to
tal
" u
nle
ss
oth
erw
ise
spe
cif
ied
(b)
rang
e of
mean
s fo
r th
e 16
rive
rs
(c)
ran
ge
of
upp
er
limi
t c
onc
ent
rat
ion
s
(d)
disso
lved
fract
ion
 
 THE MOUTHS OF LAKE MICHIGAN TRIBUTARIES (137)
SOLUBLE ELEMENTS FOUND IN WATER SAMPLES FROM
TA
BL
E
5.
1-
5
Mean concentration and coefficient of variation.
 
Mo3
Zn3
Sr3
Ba3
Cr3
Mn3
Fe3
9
“
Ca2Condl
Riv
er
 
104.9
28.6
6.9
0.
8
5.2
0.8
4.8
0.
5
3.9
17.5 2.1 9.5
0
.
4
4.2
24.4
.
62
:
0
9
.
67
506.0
St. Joseph
0.
2
24.8
0
.
3
144.3
0.
4
2.0
0
.
2
2
.
1
0
.
60.3
21.6
9
.
9
.
0.
1
20.2
0.1
46.5
0.1
4.8
8.3
0
.
4
9
H
36.7
2.0
0.
3
2.9
0
.
1
18.10
.
2
Black
0.0
33
0.2
134.1
5
0.2
a
t
0.1
46.6
0.1 0.3 0.40.1
.
48.2
0
.
4
9
.
30.8
r
0
9
.
3.
0
.
|
Kalamazoo
0.1
34.1
0
.
2
123.1
0
.
2
1.
4
0.6
0.1 0.4
1
.
00
.
60.1 0.1 0.2
13.8
3
9
0.0
413.0
6.6
8.3
0.
4
70
.
.
D
3.1.
3
MacatawaL
.
0
.
3
109.3
0
.
6
0
.
4
1.10.9
0
.
0.1
11.0
9
.
0.
3
 
15.8
3.9
0
.
6
10.8
30.9
1.
4
9
8
9
.
4.8
0.1
32.1
4
4
.
2
Pigeon
0.1
24
0.1
266.6
0
.
2
0
.
3
4
1
.
0
0.7
10.4
0.1 0.1 0.1 0.4 0.4
26.9
33.8
76.7
0
.
1
686.6
.
4
9.0
22
.4
w
t
1
G rand
0.1
10.2
1.0 0.3
4.6
123.0
0
.
3
1.10.80.3 0.9
37.1
0
.
1
9
.
0.1
0.1
41
0.0
335.8
r
0
8.0
3.11.8
0.1
11.3
.
4
Muskegon
0.1
11.7
0.2
147.9
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TABLE 5.1—7
ORGANIC CONTAMINANT ANALYSES
LAKE MICHIGAN WATERS
SAMPLING COMPOUNDS FOUND INFORMATION
DATE SITE AND CONCENTRATIONS SOURCE
1968 8 km west of DDT, 0.002 ug/L 129, 131
Ludington and DDD, 0.001 pg/L
25 km west of DDE, 0.0005 Ug/L
Saugatuck Dieldrin, 0.001 ug/L
1971 open waters PCBs, <0.01 pg/L 131
nearshore waters PCBs, <0.01 ug/L
1972 0.5 km from shore 131
16 samples PCBs, <0-01 Ug/L
Vicinity of:
— Ahnapee River PCBs, 0.051 Ug/L
— East Twin River PCBs, 0.020 ug/L
— Menominee River PCBs, 0.015 ug/L
— Oak Creek PCBs, 0.027 Ug/L
— Calumet River PCBs, 0.056 ug/L
— Galien River PCBs, 0.015 ug/L
— Paw Paw River PCBs, 0.028 ug/L
- Pentwater River PCBs, 0.012 ug/L
1962—63 within Indiana Harbor Phenols, average 33 ug/L 131
Indiana Harbor Canal Phenols, average 159 ug/L
(12 samples)
Adjacent to Indiana Phenols, average 3.1 ug/L
Harbor
1963 Mouth, Milwaukee River Phenols, average 5-8 ug/L 131
1965 Indiana Harbor Phenols, average 15 ug/L 131
Chicago South Water Phenols, 20% samples >3 ug/L
Filtration Plant
1968 1033 inshore samples Phenols, average 2 ug/L 131
1970—71 Kenosha to North Phenols, in 93% <1 ug/L 131
Chicago — nearshore of 232 samples
1971 Chicago South Water Phenols, 11% samples >3 ug/L 131
Filtration Plant
1976
Vicinity of Chicago
PCBs
.04 ug/L
140
(Lake Michigan)
1976
Beaver
Island
PCBs
.030
Ug/L
140
287
 TABLE 5.1—8
(a
ORGANIC CONTAMINANT SURVEY OF LAKE MICHIGAN NEARSHORE WATERS )
ORGANICS SOUGHT AND ANALYTICAL DETECTION LIMITS (Hg/L)
Aldrin: 0.01 Silvex: 1.0
Dieldrin: 0.02 Endrin: 0.02
o,p—DDT: 0.01 Heptachlor: 0.02
P:P-DDT: 0.01 Lindane: 0.05
Dibutyl phthalate Methoxychlor: 5
(DEF): 1'0 PCBs: 0.3
Diethylhexyl I
phthalate (DEHP): 1.0 Ar°C1°r 1242' 0'1
Toxaphene: 1.0 Aroclor 1254: 0.1
Chlordane: 0.1 Aroclor 1260: 0.1
2,4-D: 5
ORGANICS IN EXCESS OF ABOVE
SAMPLING N0. SAMPLING DETECTION LIMITS, CONCENTRA-
DATES SAMPLES SITE TIONS, AND DATES NOTED
1974—77 6 Grand River Mouth, none
Grand Haven, MI
1975-76 4 Water Intake, DBP — 1.3 ug/L (01/76)
' Holland, MI DEHP - 1.5 ug/L (01/76)
1974—76 3 Manistee River Mouth, ' none
Manistee, MI
1974-76 5 Green Bay, none
Menominee, MI
1974-76 4 Muskegon River Mouth, DEHP — 3.0 pg/L (05/74)
Muskegon, MI — 2.4 ug/L (06/76)
1975—76 4 Water Intake, . DEHP — 1.7 ug/L (07/76)
St. Joseph, MI
1976—77 4 Kalamazoo River Mouth none
Saugatuck, MI
1974-77 4 Boardman River Mouth ' DEHP — 2.0 ug/L (07/74)
Traverse City, MI
'(a)Information provided by Michigan Department of Natural Resources
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TABLE 5.1-9
ORGANIC
CONTAMINANT
CONCENTRATIONS
IN
WATERS
OF
TRIBUTARIES TO LAKE MICHIGAN(a)
ORGANICS
SOUGHT
AND
ANALYTICAL
DETECTION
LIMITS
(Hg/L)
Dibutyl phthalate
(DBP): 1.0
Diethylhexyl
phthalate (DEHP): 1.0
Toxaphene: 1.0
Chlordane: 0.05
2,4-D: 0.05
Silvex: 0.5
DDT: 0.001
STATION
Grand River,
Grand Rapid Waterworks
Platte River,
Homestead TWP
Platte River
Inland TWP
(a)
SAMPLING DATES
1975—76
1972
1972
289
Endrin:
Heptachlor:
Lindane:
Methoxychlor:
PCBs:
Dieldrin:
Aroclor 1254:
ORGANIC CONTAMINANTS
0.02
0.02
0.05
0.05
0.1
0.0001
0.01
FOUND,
CONCENTRATIONS AND DATE
 
DEHP
1.5 Ug/L (10/75)
DDT - 0.003 ug/L (11/72)
Aroclor 1254
DDT
State of Michigan Department of Natural Resources
0.015 ug/L (11/72)
0.001 ug/L (12/72)
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TABLE
5.1-1
1
LIST
OF V
OLAT
ILE
COMP
OUND
S OB
SERV
ED I
N 13
SITE
S
IN THE
LAKE M
ICHIGA
N BASI
N
Concentrations (ug/L)
  
COMPOUND/SITE (a)
Acet
one
1—2
1-2
1—3
2—4
6
1
Acet
Ophe
none
2
1
1
Benz
ene
1—3
2—7
1—4
1—2
2
1
3
I
Bro
mob
enz
ene
l—b
rom
o—l
—ch
lor
oet
han
e
1
l—Z
—br
omo
—ch
lor
oet
han
e
2
Bro
mo—
dic
hlo
rom
eth
ane
1
2—9
A
Butan
e
6
Bute
ne
1—2
1
1
3
C H
0 or
C H
O
10
58
61
2
CH
OO
IT
CH
O
A.
5
10
6
12
Chlo
robe
nzen
e
1—4
1
1
1
1
Chlo
rofo
rm
5—30
5-30
2—20
1—10
0
20
8
1
Cyc
lop
ent
ane
4
Dibr
omo—
chlo
rome
than
e
2—4
1
Dibr
omoe
than
e
4—10
Dichl
orobe
nzene
1
1
1.2
Dich
loro
etha
ne
.
1
1
Dich
loro
etha
ne
1—1
1
l
Dich
loro
ethy
lene
2
2
1
1
1
Dichl
orome
thane
1-8
2—30
1—2
2—8
15
3
Dichl
oropr
opane
1—1
2
Dieth
yl Et
her
1
5
5
3
8
10
 2
9
2
TABLE
5.1—11 CONT'D
Concentrations (pg/L)
 
 
COMPOUND
Diisopropyl Ether
Dioxane
Ethylbenzene
Fluro—dichloro—bromomethane
Furf
ural
Heptene
Hexane
Hexene Isomers
Hexene
Methyl ethyl
dioxolane
Methyl-isobu
tyl ketone
Methyl methacrylate
Methyl—tetra
hydrofyran
Neopentane
Nonene
Pentane
Pentene Isomer
Pentene
Tetrachloroethylene
Tetrahydrofuran
Tetrahydropyran
Toluene
Trichloroethane
1,1,1-Trichloroethane
Trichlor
oethylen
e
Trichloro-fl
uoromethane
Trifluoro-tr
ichloroethan
e
Trichloro—trifluoroethane
1
0
4—5 2—10
3—4
5 - 2—30
10 1-12
2—8
1-10
1—2 1—2
1-5
4—6
6—12 20
12
10
10
2
0
6 7 8
9 10 ll
12 13
L
A
W
}
q
u
(a)
see
Tabl
e 5.
1—10
for
site
desi
gnat
ions
.
*implies that acetone i
n concentrations betwee
n 1 and 2 ug/L was obs
erved at site 1
(see Table 5.1—10, wher
e site 1 is the West Si
de Sewage Treatment Pla
nt)
 
2
9
3
TABLE
5.1-12
LIS
T O
F A
CID
-EX
TRA
CTA
BLE
COM
POU
NDS
OBS
ERV
ED
IN
13
SIT
ES
IN
THE
LAK
E M
ICH
IGA
N B
ASI
N
Con
cen
tra
tio
ns
(pg
/L)
 
COMPOUND SITE
6
7
10
l
l
12
I3
O
O
‘
r
—
I
D
O
ﬂ
N
m
ﬁ
l
/
N
O
M
H
H
H
H
H
U
U
U
U
U
U
U
y
\
v
—
i
C18
(
C
18
H1
Alco
hol
Alco
hol
Alc
oho
l
Alco
hol
Alco
hol
Alc
oho
l
Alco
hol
Alco
hol
Alco
hol
Alco
hol
2)
Ben
zan
thr
ene
Buty
lben
zyl
Phth
alat
e
But
yl
Pht
hal
yl
But
yl
Gly
col
ate
Camp
hor
ClOHIO
C16
H10
C16
H10
Iso
mer
Iso
mer
(Pyr
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Methy
l Est
er
Met
hyl
Est
er
Met
hyl
Est
er
Met
hyl
Fat
ty
Aci
d M
eth
yl
Est
er
C:
1
5
Fat
ty
Aci
d M
eth
yl
Est
er
C 3
15
+ M
eth
yl
Pent
achl
orop
heny
l E
ther
14
14—23
10—22
1
2
24
(m
ix
)
8(mix)
20—
21
25(mix)
1—38
1—
2
13
7
l
3
1
m
H
H
—
«
q
u
N
{
\
J
N
 
 2
9
4
COMP
OUND
Fatty
Acid
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1
2—31
26
180
173
2-5
10
15
 
 
TR
TR
TR
TR
TR
2
9
5
TABLE 5.1-13
LIST OF BASE—EXTRACTABLE COMPOUNDS OBSERVED
IN THE LAKE MICHIGAN BASIN
Concentrat
ions Ug/L)
COMPOU
ND
l
2
3
4
5
6
7
8
9
10
ll
12
13
 
Alkyl Acid Ester (R + R1 > 8)
Benzylbu
tyl Phth
alate
Butyl Phthal
yl Butyl Gly
colate
Caffeine
1—2
Camphor
TR TR
TR
C16H10
(Pyrene
)
C18H12
Dibromo—
chloroet
hane
14
Dibrom
oethan
e
Dibutyl Phth
alate
1 l
l
Dichlorobenzene
4—18
Dichl
orobe
nzene
Isome
r
Dic
hlo
rob
uta
ne
Dieth
oxyet
hane
3
1—2 Diethoxyethane
2
Diethyl Hexy
l Phthalate
1
1—7
Diethyl Phthalate
4
Diisobut
yl Phtha
late
l
Dimethyl Biphenyl l
Hydro
carbo
n C 3
16
1
Hydr
ocar
bon
C_:
18
22
24
Hyd
roc
arb
on
C 3
28
Naphthalene
(IS)
TR TR
TR
Hydroc
arbon
C
A
l
Hydroc
arbon
C
A
l
Terpineol
l 2
l
Terpineol C1
0
3 l
Terpeneol C1
5
1
Tetrac
hloroe
thane
2
Tetrac
hloroe
thylen
e
Z—ll.3
Unide
ntifi
ed Ph
thala
te
Xylene
‘
l9
 
  
Data on Sediment Quality
Heavy Metals
Ta
bl
e
5.
2-
1
su
mm
ar
iz
es
da
ta
on
he
av
y
me
ta
l
co
nc
en
tr
at
io
ns
in
La
ke
Mi
ch
ig
an
se
di
me
nt
s.
Th
e
in
it
ia
l
da
ta
in
th
e
ta
bl
e
wa
s
ob
ta
in
ed
fr
om
th
e
Ar
go
nn
e
Na
ti
on
al
La
bo
ra
to
ry
pu
bl
ic
at
io
n
on
th
e
ch
em
is
tr
y
of
La
ke
Mi
ch
ig
an
(1
31
).
In
ad
di
ti
on
,
th
e
re
su
lt
s
of
EP
A'
s
La
ke
Mi
ch
ig
an
Ha
rb
or
Sa
mp
li
ng
Pr
og
ra
m
(1
41
)
an
d
th
e
Mi
ch
ig
an
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
st
ud
ie
s
on
se
di
me
nt
qu
al
it
y
(1
42
)
ar
e
in
cl
ud
ed
.
Ta
bl
e
5.
2—
2
sh
ow
s
th
e
ha
rb
or
s
in
La
ke
Mi
ch
ig
an
wh
ic
h
ha
ve
be
en
de
si
gn
at
ed
by
U.
S.
EP
A
Re
gi
on
V
as
he
av
il
y
po
ll
ut
ed
(1
43
).
Se
di
me
nt
s
de
si
gn
at
ed
as
su
ch
by
Re
gi
on
V,
if
dr
ed
ge
d,
ge
ne
ra
ll
y
ca
nn
ot
be
di
sp
os
ed
in
th
e
op
en
wa
te
rs
of
th
e
la
ke
.
Fi
tc
hk
o
an
d
Hu
tc
hi
ns
on
(3
1)
an
al
yz
ed
th
e
he
av
y
me
ta
l
co
nc
en
tr
at
io
ns
in
ou
tl
et
s
se
di
me
nt
s
of
La
ke
Mi
ch
ig
an
tr
ib
ut
ar
ie
s
an
d
the
re
su
lt
s
ar
e
sh
ow
n
in
Ta
bl
e
5.2
—3.
Th
e
PL
UA
RG
st
ud
ie
s
ha
ve
ev
al
ua
te
d
the
me
ta
l
co
nc
en
tr
a-
ti
on
s
in
so
il
s
an
d
bo
tt
om
an
d
su
sp
en
de
d
se
di
me
nt
s
in
the
Me
no
mo
ne
e
Ri
ve
r
wa
te
rs
he
d
(14
4),
an
d
the
re
su
lt
s
ar
e
gi
ve
n
in
Ta
bl
e
5.
2-
4.
Le
la
nd
(1
34
)
ev
al
ua
te
d
th
e
co
mp
os
it
io
n
of
su
sp
en
de
d
ma
tt
er
in
of
fs
ho
re
wa
te
rs
of
Lake Michigan (Table 5.2-5).
Organic Contaminants
Con
cen
tra
tio
ns
of
org
ani
c
com
pou
nds
fou
nd
in
Lak
e M
ich
iga
n
se
di
me
nt
s
are
sh
ow
n
in
Ta
bl
e
5.
2-
6
to
5.2
—8.
PC
Bs
,
die
ldr
in
and
DDT
hav
e b
een
det
ect
ed,
wit
h h
igh
con
cen
tra
—
ti
on
s
(>1
ppm
)
of
PC
Bs
de
te
ct
ed
at
th
e
Ma
ni
st
iq
ue
Ri
ve
r
Ha
rb
or
(14
5),
the
mo
ut
h
of
th
e
Es
ca
na
ba
Ri
ve
r
(14
5),
Fo
x
Ri
ve
r
(12
7)
an
d
Mi
lw
au
ke
e
Ha
rb
or
(12
7).
PL
UA
RG
in
19
78
es
ti
ma
te
d
the
av
er
ag
e
la
ke
wi
de
PC
B
concentration to be 38.2ug/kg (9).
A
sp
ec
ia
l
st
ud
y
by
th
e
U.
S.
FD
A
(1
58
)
in
di
ca
te
d
hi
gh
le
ve
ls
of
PC
Bs
an
d
Py
dr
au
l
50
E
(a
su
bs
ti
tu
te
fo
r
PC
Bs
)
in
a
se
di
—
me
nt
sa
mp
le
co
ll
ec
te
d
in
th
e
vi
ci
ni
ty
of
th
e
Ou
tb
oa
rd
Ma
ri
ne
Co
.
ou
tf
al
l
in
Wa
uk
eg
an
Ha
rb
or
.
Ta
bl
e
5.
2—
9
sh
ow
s
th
e
re
su
lt
s
of
a
st
ud
y
(1
68
)
wh
ic
h
at
te
mp
te
d
to
ev
al
ua
te
th
e
re
la
ti
on
sh
ip
be
tw
ee
n
or
ga
ni
c
ca
rb
on
an
d
tr
ac
e
el
em
en
ts
in
La
ke
Mi
ch
ig
an
se
di
me
nt
s.
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SAMWLE
DATE
SAMPLING STATION
OR DESIGNATION
TABLE 5.2-1
SUMMARY OF DATA ON HEAVY METAL CONCENTRATIONS
IN LAKE MICHIGAN SEDIMENTS
NUMBER
.
SMQUM3
.____
MIIQQ
IHLEE
EJJLL
LRN L
IKES
ifl_ﬂ
f;igh
t
SITE
S
MERC
URY
LEAD
ZINC
NICK
EL
ARSE
NIC
CADM
IUM
CHRO
MIUM
COPP
ER
OTHE
R
1970
1972
1972
1972
1972
1971
19
74
1971
1972
1972
1971
1971
1970
1970
Southe
ast Ba
sin
(surfici
al sedim
ents)
Southw
est Ba
sin
(surfici
al sedim
ents)
Lakewide
Gree
n Ba
y
Southw
est Ba
sin
Southern Basin (surficial sediments)
Sout
hern
Basi
n (b
ackg
roun
d)
Sout
hern
Basi
n >1
5 cm
dept
h
Gre
en
Bay
(sel
eniu
m)
Lake
wide
(sil
ver)
11
sa
mp
le
s
8 sa
mple
s
Sout
hwes
t B
asin
(Brown s
ilt faci
es)
(to
p 2
—3
cm)
Southwest Basin
(Gray
Silt
facie
s)
(to
p
2-3
cm)
Southern Basin
(See Table 5.2—9)
Southern Basin
(See
Table
5.2—10)
 
INFOR
MATIO
N
S
O
U
R
C
E
 
1
9
N.D.—6
23
.03—.06
123
(31—
282)
231
(3
1—
28
2)
131
 
  
2
9
8
DA
TE
19
74
1
9
7
4
1
9
7
4
19
76
1976
1976
19
76
1976
SAMPLING
STATION
OR DESIGNATION
Mani
stee
Harb
or
Mus
keg
on
Har
bor
Pen
twa
ter
Har
bor
Vic
ini
ty
— G
ali
en
Riv
er,
*
2.5—
15 m
(dep
th)
20
m
Vic
ini
ty
— S
out
h H
ave
n*
4—1
5 m
30
m
54
m
Vi
ci
ni
ty
—
St.
Jo
se
ph
Ri
ve
r*
6—
15
m
30
m
Vici
nity
5—
15
m
30
m
Vi
ci
ni
ty
—
Gr
an
d
Ri
ver
*
7~1
6 m
3
0
m
Kal
ama
zoo
Riv
er*
TABLE 5.2—
1 CONT'D
LAKE MICHIGAN SEDIM
ENTS ‘ METAL ANALYS
ES
NUMBER
SAMPLING
SITES
MERCURY
C O
N C
E N
T R
A T
I 0
N
—
"
INF
ORM
ATI
ON
SOU
RCE
CA
DM
IU
M
CH
RO
MI
UM
CO
PP
ER
LEA
D
ZIN
C
NIC
KEL
ARS
ENI
C
14—
58
11—3
5
<1
<2—1
1
19
—3
6
13-
17
<2
<2
<l—
4
22—
60
8—1
2
12—2
7
<1
4 <.01—.03
3
.01—.
03
7—18
43—
54
5-9
—
14—
16
9-1
0
1—2
14
5-
7
40-50
r
1
2-3
6-9
32-
40
A
<.01
—.02
3
5—7
3
40-
50
5—7
8—25
42—130
11—
15
51—
59
190
—24
0
6—8
-
<.l
32
-3
9
-
w4
1-3
16-
18
14—
15
A
(.01—.03
3
.05
-.0
6
2—3
32-33
8—16
120
~13
0
14—
15
—
4
<.Ol
-.03
3
.02—.
06
3
—
4
16—
34
8—12
46—70
4—5
7—1
2
—
8—10
56—
67
4—
5
—
16—
18
A
<.01-.Ol
3
.OA—.
06
2—3
33
—3
7
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C O N C E N
T R A T I O
N — p p m
d r y w e
i g h t
SAMPLING STATION SAMPLING '7 7 ‘ ‘7” 77‘ “44477777747” “ ”U 7 ‘W ‘ “A “7 A ‘ “7_—‘ INFORMATION
DATE OR DESIGNATION SITES MERCURY LEAD ZINC NICKEL ARSENIC CADMIUM CHROMIUM COPPER SOURCE
1976
Vicinity
— Muskeg
on Lake*
7-15 m
4 <.
01—.03
2—3 7—
9 4
— <.1
2 .5-
.8
1
30 m
3 .01—.03
35-46 57—64 20—2
2 — .6—.8
9—10 7-8
(
‘
1
\
1
’
1976
Vicini
ty — W
hite L
ake*
7-15 m
4
.Ol—.04
2 6
3—4
<.1
2 .6-
.7
1
30 m
3 <.
01-.O3 1
6—18 30—3
6 8—11
- <.1
—.3 5
a
(
\
l
o
r
1976 Vic
inity — Lake
Macatawa*
7—15 m
4 .
01—.O3
2—4 7—1
2 5—7
— <.1
2—3 .5
—1
1
33 m
3 .
05—.06 2
8—29 44—4
6 16—20
— .4
—.7 8
6-7
(
‘
J
\
7
1976
Vicinity
- Pere M
arquette
Riveﬂ
8—28 m
7 <.
01-.02
1-5 5—1
2 2—6
<.1 1
—2 .3—
3
M:
2
9
9
1976
Vici
nity
Bets
ie L
ake*
8-30 m
7 <.
01—.02
.4-3 3—
7 2—5
<.1
1—2 .
4—1.2
142
45 m
3 <.
OI—.Ol
3—12 8-1
9 4—8
<.1
2—3
2—3
1976
Vicinity
-— Manist
ee River
*
8-15 m
4 <.
OI—.OS
.2—2 3-
4 2—4
- <.1
—.3 .2-l
.3 .3—.9
142
31 m
3
.03—.O7
7—10
10—17
4—6
—
<.1
2—3
2
1976
Vicini
ty — N
aubinw
ay Con
tr01*
8—18 m
6 <.01—.Ol
7—12 11—31 5—13
<.1—.3 2—7
2-4 V 1’4
location @ 1
8 m
1
.01 21
110 2
3
<.1
12 11
n
]
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C
E
N
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R
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N
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m
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IGN
ATI
ON
SIT
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M
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MI
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CO
PP
ER
INFOR
MATIO
N
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RCE
19
76
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ci
ni
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- M
an
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ti
qu
e
Ri
ver
*
6
m
4
15-
34 m
6
.01—.06
<.01
—.02
19
76
Vi
ci
ni
ty
—
Me
no
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ne
e
Ri
ver
*
6—1
7 m
34 m
3
\
T
.01
-.0
9
.03-
.07
197
6
Vic
ini
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— E
sca
nab
a R
ive
r*
6 m
l
.2
15
m
3
.1—
.2
26 m
3
.Ol—
.03
19
76
Vi
ci
ni
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—
Ce
da
r
Ri
ver
*
3
0
0
Bi
g
Ba
y,
De
No
c
6—1
7
m
A
29 m
3
.Ol—.04
.O3—.05
*
r
e
f
e
r
s
to
d
e
p
t
h
of
w
a
t
e
r
c
o
l
u
m
n
a
b
o
v
e
s
e
d
i
m
e
n
t
.
6-46
<.2
—4
3—
12
13
-2
4
110
-19
0
4-12
9—130
13—
20
10—
66
2-
10
15—
32
38
—1
10
38
260
—35
0
10—
22
10—79
88—
110
3—
18
<1
—4
6—
12
22—
140
36—
65
3—9
5—
24
54
—1
10
<.l
~.5
.5
—4
.2-
l.l
1-3
2-8
.4
—1
3-
5
8—15
35-
52
3—10
2—7
9
—
1
4
48—
71
2—8
2-6
11—
14
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Harbor/Year SamEIed
Waukegan, IL/1976
Pensaukee, WI/1977
Port Washington, WS/l977
Indiana Harbor, IN/l977
Holland, MI/l977
New Buffalo, MI/l977
Sheboygan, WS/1977
(outer harbor)
Fox River, WS/1977
Algoma, WS/l977
Kenosha, WS/1977
Harbor
(Designated Heavily Poll
 
TABLE 5.2—2
U.S. EPA REGION V ANALYSES OF SEDIMENTS
IN LAKE MICHIGAN HARBORS
TOTAL PCBS
(mg/kg dry weight)
 
Great Lakes Training Bas
Harbor
(Designated Heavily Poll
Michigan City, IN
St. Joseph, MI
Marinette, WI: Menominee
Great Lakes Training Bas
Harbor
(Designated Heavily Poll
Michigan City, IN
Calumet Harbor, IL
Great Lakes Training Bas
Marinette, WI — Menomine
Burns Water, IN
St. Joseph, MI
' LOW HIGH
0.1 16,400
<2 <2
<2 <2
.04 25.7
<.01 .62
<.01 .10
.06 .32
.67 11.56
<.02 .84
.07 .71
(a)
uted re: Hg) Mercury (mg/kg) # Values
(1975—76) >1 mg/kg
e, IL 2-14 5
uted re: Cd) Cadmium (mg/kg) # Values
(1975-76) >6 mg/kg
6.3—81.0 11
7~1O 6
, MI 9 1
e, IL 31 1
uted re: As) Arsenic (mg/kg; # Values
(1975-76) >8 mg/kg
9—14 7
9—23 7
e,
IL
11—
120
6
e,
MI
10—
87
3
10-12 3
12 1
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 TABLE 5.2-7 3
ORGANIC CONTAMINANT CONCENTRATIONS IN SEDIMENTS OF
(a)
LAKE MICHIGAN (1976)
ORGANIC CONTAMINANTS SOUGHT AND ANALYTICAL
DETECTION LEVELS (Mg/kg)
 
Dieldrin: 5 HCB: 2
Chlordane: 20 HCBD: 2
DDD: 10 Aroclor 1254: 500
DDE: 4 Aroclor 1260: 500
o,p-DDT: 5 Aroclor 1242: 500
p,p—DDT: 5
ORGANIC CONTAMINANTS FOUND IN EXCESS
STATION (Vicinity of) OF DETECTION LEVELS AND CONCENTRATIONS
Galien River none
St. Joseph River Dieldrin — <10 Ug/kg at 30 meters (m)
DDE - <10 ug/kg at 30 m
HCB — < 5 ug/kg at 30 m
HCBD — < 5 ug/kg at 30 m
South Haven HCB — < 5 ug/kg at 45 m
HCBD - < 5 ug/kg at 45 m
Kalamazoo River none
Holland p,p—DDT — 5.9 ug/kg at 15 m
7.1, 5.6 ug/kg at 30 m
White River p,p—DDT — 7.4 ug/kg at 30 m
Pere Marquette River none
Manistee River none
Betsie Lake none
Naubinway Control none
Manistique River none
Manistique River Harbor Aroclor 1242 — 5.1 mg/kg, 2.6 mg/kg, 17.5 mg/kg
Aroclor 1254 — 5.1 mg/kg, 0.6 mg/kg, 7.8 mg/kg
Escanaba River none
Escanaba River Mouth Aroclor 1254 — 1.6 mg/kg
Cedar River none
Menominee River none
(a)
State of Michigan Department of Natural Resources
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Table 5.2-9—-AVERAGE CONCENTRATIONS OF TRACE ELEMENTS, IRON OXIDE, ORGANIC CARBON,
AND LESS THAN 2-MICRON CLAY IN SOUTHERN LAKE MICHIGAN CORES
Consfifuenf
Top in+erval*
1 - 7 cm
4 - 12 cm
8 — 20 cm
16 cm and deeper
Br (ppm)
65 1 38
(17)+
60
+
l
29
(12)
#7 1 21
(18)
‘ us 1 24
(17)
35
-—
(19)
Cr (ppm)
70 t 30
(22)
66 t 22
(15)
57 i 20
(21)
55 + 16
(19)
52
_.
(2n)
Cu (ppm)
41 2 2k
(22)
33 : 1a
(15)
28 i 10
(21)
27 t 9
(19)
20
H
9
(24)
Pb (ppm)
79 2 5a
(22)
65 t as
(15)
an x 37
(21)
3o 1 18
(19)
20
‘
H
3
(23)
Zn (ppm)
179 1 125
(22)
148 t 107
(15)
115 1 71
(21)
86 + 38
(19)
66
+
l
12
(23)
(
D
+
l
Ni (ppm)
35 1 12
(22)
32
(15)
34 t 8
(21)
33 x 11
(19)
35
+
|
6
(
2
3
)
+
MnO (5)
0.065 t 0.033 (22)
0.070 t 0.022 (15)
0.067 t 0.023 (21)
0.057 t 0.023 (19)
0.050 _ 0.018 (2”)
Fe203 (x)
3.99 t 1.28
(22)
3.91 t 1.02
(15)
3.81 i'l.03
(21)
3.5a 2 1.17
(19)
3.35
+
|
0.65
(an)
Organic
carbon (5)
2.35 2 1.uu
(22)
2.03 t 1.20
(15)
1.85 t 0.95
(21)
1.88 i 1.0a
(19)
1.uo _ o.u8
(23)
+
< 2“ clay (5)
31.6 t 19.3 (20)
29.7
13.6 (1a)
H
34.5 t 10.8
(19)
3U.3 t 15.6
(18)
“1.4
+
l
8.8
(an)
* Values given for each interval are, in order, average trace element concentration, standard deviation, and number of
samples used to compute the mean.
f Numbers enclosed in parentheses equal number of samples used in calculating the correlation coefficient.
  
5.
3 D
A
T
A
O
N
A
I
R
Q
U
A
L
I
T
Y
A
N
D
P
R
E
C
I
P
I
T
A
T
I
O
N
T
a
b
l
e
s
5
.
3
—
1
a
n
d
5
.
3
-
2
s
u
m
m
a
r
i
z
e
s
t
h
e
u
n
i
t
s
o
f
a
n
a
l
y
s
e
s
o
f
r
a
i
n
,
s
n
o
w
a
n
d
a
i
r
f
r
o
m
t
h
e
L
a
k
e
M
i
c
h
i
g
a
n
B
a
s
i
n
.
S
t
u
d
i
e
s
b
y
M
u
r
p
h
y
(
1
0
2
,
1
4
0
)
a
n
d
,
A
n
d
r
e
n
a
n
d
D
o
s
k
e
y
(
1
4
6
)
h
a
v
e
b
e
e
n
d
i
r
e
c
t
e
d
t
o
t
h
e
q
u
a
n
t
i
f
i
c
a
t
i
o
n
o
f
a
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
o
f
P
C
B
s
t
o
L
a
k
e
M
i
c
h
i
g
a
n
i
n
p
a
r
t
i
c
u
l
a
r
.
L
o
a
d
i
n
g
e
s
t
i
m
a
t
e
s
o
f
m
e
t
a
l
s
w
e
r
e
r
e
p
o
r
t
e
d
b
y
:
P
L
U
A
R
G
(
4
7
)
i
n
i
t
s
r
e
p
o
r
t
o
n
"
A
t
m
o
s
p
h
e
r
i
c
L
o
a
d
i
n
g
s
o
f
t
h
e
L
o
w
e
r
G
r
e
a
t
L
a
k
e
s
a
n
d
t
h
e
G
r
e
a
t
L
a
k
e
s
D
r
a
i
n
a
g
e
B
a
s
i
n
"
;
K
o
n
r
a
d
.
C
h
e
s
t
e
r
s
a
n
d
B
a
u
e
r
(
1
4
4
)
t
o
e
v
a
l
u
a
t
e
a
t
m
o
s
—
p
h
e
r
i
c
l
o
a
d
i
n
g
t
o
t
h
e
M
e
n
o
m
o
n
e
e
R
i
v
e
r
w
a
t
e
r
s
h
e
d
;
a
n
d
,
E
i
s
e
n
r
e
i
c
h
(
1
4
7
)
a
n
d
S
c
h
m
i
d
t
(
1
4
8
)
a
t
t
h
e
1
9
7
8
C
o
n
f
e
r
e
n
c
e
o
n
G
r
e
a
t
L
a
k
e
s
R
e
s
e
a
r
c
h
.
T
h
e
r
e
s
u
l
t
s
of
t
h
e
a
b
o
v
e
n
o
t
e
d
s
t
u
d
i
e
s
a
r
e
g
i
v
e
n
i
n
T
a
b
l
e
s
5
.
3
—
1
a
n
d
5
.
3
—
2
.
A
d
d
i
t
i
o
n
a
l
r
e
s
u
l
t
s
f
r
o
m
r
e
f
e
r
e
n
c
e
47
,
a
r
e
s
h
o
w
n
i
n
T
a
b
l
e
s
5
.
3
—
3
a
n
d
5.3—4.
V
o
l
u
m
e
8
of
t
h
e
A
r
g
o
n
n
e
L
a
b
o
r
a
t
o
r
y
r
e
p
o
r
t
s
e
r
i
e
s
o
n
t
h
e
"
E
n
v
i
r
o
n
m
e
n
t
a
l
S
t
a
t
us
of
t
h
e
L
a
k
e
M
i
c
h
i
g
a
n
R
e
g
i
o
n
,
”
e
n
t
i
t
l
e
d
"
A
t
m
o
s
p
h
e
r
i
c
E
n
v
i
r
o
n
m
e
n
t
of
th
e
L
a
k
e
M
i
c
h
i
g
a
n
D
r
a
i
n
a
g
e
B
a
s
i
n
”
p
r
o
v
i
d
e
s
a
t
h
o
r
o
u
g
h
r
e
v
i
e
w
of
a
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
of
th
e
e
l
e
m
e
n
t
s
to
L
a
k
e
M
i
c
h
i
g
a
n
(1
49
).
M
u
c
h
d
a
t
a
is
p
r
o
v
i
d
e
d
in
t
h
e
r
e
p
o
r
t
s
u
c
h
as
i
d
e
n
t
i
f
i
c
a
t
i
o
n
of
s
a
m
p
l
i
n
g
s
i
t
e
s
,
m
e
t
e
o
r
o
l
o
g
i
c
a
l
i
n
f
l
u
e
n
c
e
s
,
et
c.
T
a
b
l
e
s
5
.
3
—4
an
d
5
.
3
—5
a
r
e
e
x
a
m
p
l
e
s
of
th
e
in
fo
rm
at
io
n
co
nt
ai
ne
d
wi
t
h
i
n
th
e
re
po
rt
.
310
I
U
 TABLE 5.3-1
ANALYSES OF THE ATMOSPHERE AND
PRECIPITATION IN THE LAKE MICHIGAN BASIN
No.
Date and Sampling Site Sample Samples Experimental Results Source
1975—77 Chicago (DePaul Rain 31 PCBs—(Arith. mean—193 ng/L) 102, 140
University) (Z dissolved -66)
1975—77 Chicago (DePaul
University) Snow 4 PCBs (Arith. mean—212 ng/L) 102, 140
(Z dissolved -36)
1975-77 Chicago (DePaul 3
University) Air 4 PCBs (Arith. mean—7.6 ng/m 102, 140
(Z in filtered portion-97)
1976 Beaver Island Rain 13 PCBs (Arith.mean—215 ng/L) 102
(Z dissolved—53)
1976 Mammoth Cave Air 1 PCBs —6.7 ng/m3 102
National Park (Z in filtered portion—95)
1976 Landfill Cases 2 PCBs - 3240 ng/m3 102
1976 Chicago Area Rain 5 PCBs — 97.5 ng/L 112
Beaver Island Rain 1 PCBs — 229 ng/L 112
1976 Menominee River Rain Pb — 32 ppb* 144
Watershed Cd — 3.74 ppb
3
1977 Open waters Air 1 PCBs—Filtered extract—.12 ng/m 146
(76% — 1242 24% — 1254)
1 PCBs Vapor state — 1.4 ng/%
(7OZ— Aroclor 1242:
3OZ Aroclor 1254)
1 PCBS Total - 0.66 ng/m3
1 PCBs Total — 0.14 ng/m3
*C
al
cu
la
te
d
lo
ad
in
g
—
by
ra
in
fa
ll
—
230
g/
ha
/yr
.
—
by
dr
y
de
po
si
ti
on
—
18
0
g/
ha
/y
r.
4
_To
tal
loa
din
g o
f l
ead
to
wat
ers
hed
by
atm
osp
her
e —
1.4
x 1
0
kg/
yr.
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 PARAMETER
SO
PART.
TP
Ca
Mg
Na
Cd
Pb
Ni
Cu
Fe
Cr
SEE
NOTE
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
PC
T
A
B
L
E
5
.
3
+
2
AT
MO
SP
HE
RI
C
LO
AD
IN
G
ES
TI
MA
TE
S
-
LA
KE
MI
CH
IG
AN
106kg/Year
AC
RE
S
(4
7)
EI
SE
NR
EI
CH
(1
47
)
SC
HM
ID
T
(1
48
)
330
NA
42
NA
56
NA
103kg/Year
350
1000*
1800
NA 84,000
810
NA 16,900
500
NA 12,000
1500
NA 6,800
48
NA
1100
800 1350-2500
71
NA
55
NA
13
0
31
0—
55
0
5500
NA 3,210
200-360
NOTE
MM — Mathematical Model
PC - Precipitation Chemistry
NA - Not available
* U.S. EPA 1975
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TABLE 5.3—3
S
O
U
R
C
E
I
L
A
K
E
M
I
C
H
I
G
A
N
NORTH SOUTH TOTAL
 
CHICAGO
I
SAmNAw
DETROIT
GREENBAY
DULUTH
MINNEAPOLIS
wusco~sm
MILWAUKEE
ILLINOIS-IOWA
SILOUS
INmANA-cmONNATI l
MICHmAN
TOLEDO
CLEVELAND
OHIO
NTTSBURGH
PENNSYLVANM
WESTERN NEW YORK
ROCHESTER
BUFFALO
3 .I 24.
N
u
A
u
A
ﬂ
N
N
U
I
U
I
N
N
—
V
U
I
G
N
N
m
m
—
D
u
u
m
—
m
w
‘
0
0
’
—
N
0
1
0
4
—
a
.
Q
O
N
L
M
N
O
N
U
J
U
I
U
I
U
I
N
C
D
C
D
Q
O
N
'
O
C
O
‘
J
O
U
U
I
u
m
u
u
m
o
u
b
u
b
u
u
m
m
m
ﬂ
m
m
b
u
u
u
m
u
m
m
m
w
AMERICAN TOTAL 94 9 8 V 9 6.
TORONTO
SUOBURY
THUNDER BAY
SAULT ST. MARIE 24
MONTREAL . l
SARNIA . I
NORTHERN ONTARIO
SOUTHERN ONTARIO
NORANOA
MANITOBA
0
5
4
5
0
5
1
1
_
u
u
_
—
N
N
N
(
.
M
U
a
m
a
s
s
A
.
.
_
u
_
—
—
o
:
m
   
CA
NA
mA
NT
DT
AL
5L7
I.7
3.I
NO
TE
LDA
DIN
GS
ARE
PRE
SEN
TED
AS
DER
CEN
TAS
E O
F T
HE
FOL
LOW
ING
TOT
AL
LDA
DIN
GS
(IO’kq FER YEAR) 2500 4300 6800
NSTITUENT Fe Pb Ni Cu Cd
/o OF TOTAL 809 |646 LO .8 .7
TR
AN
SB
OU
ND
AR
Y
LO
AD
IN
G
OF
TR
AC
E
ME
TA
LS
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Ta
bl
e
5.
3—
4
Tr
ac
e
El
em
en
t
Co
nc
en
tr
at
io
ns
(u
g/
m3
)
in
Ch
ic
ag
o
Ae
ro
so
ls
(M
od
if
ie
d
fr
om
Ga
tz
,
19
75
)
So
ur
ce
of
Da
ta
an
d
Pe
ri
od
of
Sa
mp
li
ng
 
Ha
rr
is
on
Ch
ic
ag
o
an
d
Br
at
Ai
r
Sa
mp
li
ng
Wi
nc
he
st
er
et
al
.
Na
ti
on
al
Ai
r
Su
rv
ei
ll
an
ce
Ne
tw
or
k
Ne
tw
or
k
Co
mp
os
it
e
El
em
en
t
19
63
19
63
19
66
19
67
19
68
19
69
19
70
—1
97
1
Mo
de
l*
A1
1.
5
(1
.5
)
As
0.
01
78
0.
02
Cd
0.
01
5
0.
03
0.
01
0.
00
8
0.
01
5
0.
01
Cr
0.
01
8
0.
00
8
0.
00
5
0.
02
3
0.
01
6
0.
02
Cu
0.
18
2
0.
08
0.
09
0.
13
0.
12
0.
14
0.
14
Fe
2.
6
2.
4
2
7
4.
3
4.
0
3.
3
3.
5
Mn
0.
45
0.
08
0.
08
0.
09
0.
12
0.
10
0.
10
Ni
0.
02
9
0.
03
1
0.
03
3
0.
05
1
0.
04
Pb
2.
5
1.
6
1.
2
1.
6
1.
6
1.
2
1.
2
Ti
0.
01
0.
02
0.
02
(0
.2
)b
V
0.
02
4
0.
04
8
0.
05
9
0.
09
6
0.
08
Zn
0.
06
2
1.7
1.1
0.
65
(0
.3
1b
*P
ar
en
th
es
es
in
di
ca
te
co
ns
id
er
ab
le
un
ce
rt
ai
nt
y
in
mo
de
l
co
nc
en
tr
at
io
ns
du
e
to
li
mi
te
d
nu
mb
er
of
me
as
ur
e-
me
nt
s.
‘
aA
rs
en
ic
me
as
ur
ed
Se
pt
em
be
r
to
De
ce
mb
er
,
19
71
,
on
ly
.
bE
st
im
at
ed
fr
om
St
.
Lo
ui
s
da
ta
of
Ga
tz
(1
97
4)
.
Na
ti
on
al
Ai
r
Su
rv
ei
ll
an
ce
Ne
tw
or
k
da
ta
fo
r
th
es
e
el
em
en
ts
ar
e
no
t
re
li
ab
le
(W
in
ch
es
te
r,
19
75
-—
pe
rs
on
al
co
mm
un
ic
at
io
n;
Ak
la
nd
,
l9
75
-—
pe
rs
on
al
co
mm
un
ic
a—
tion).
Re
fe
re
nc
es
:
Ha
rr
is
on
an
d
Wi
nc
he
st
er
(1
97
1)
;
Br
ar
et
a1
.
(1
97
0)
;
Na
ti
on
al
Ai
r
Su
rv
ei
ll
an
ce
Ne
tw
or
k-
—E
PA
{1
97
2,
19
73
a)
;
Ch
ic
ag
o
Ai
r
Sa
mp
li
ng
Ne
tw
or
k-
—C
hi
ca
go
De
p.
Ai
r
Po
ll
ut
.
Co
nt
ro
l,
19
71
).
Ta
bl
e
5.
3—
5
Tr
ac
e
El
em
en
t
Co
nc
en
tr
at
io
ns
(u
g/
ma
)
in
No
rt
hw
es
t
In
di
an
a
Ae
ro
so
ls
(M
od
if
ie
d
fr
om
Ga
tz
,
19
75
)
Source of Data and Period of Sampling
Ha
zzé
so
n
Ha
rr
is
on
Nat
ion
al
Air
Su
rv
ei
ll
an
ce
Net
wor
k
Wi
nc
he
st
er
et
a1.
Ha
mm
on
d
Ea
st
Ch
ic
ag
o
Co
mp
os
it
e
El
em
en
t
19
68
19
69
19
66
19
67
19
68
19
69
19
66
19
67
19
68
19
69
Mo
de
l‘
A1
1.
96
(2.
0)
As
0.0
05
(0.
005
)
Cd
0.
01
4
0.
00
0.
01
0.
01
1
0.
01
0.
01
0.
00
7
0.
02
8
0.
02
c:
0.0
43
0.0
02
0.0
10
0.0
19
0.0
14
0.0
18
0.0
37
0.0
64
0.0
4
Cu
2.2
0.8
0
0.0
7
0.1
8
0.1
1
0.1
5
0.1
8
0.3
1
0.2
7
0.2
Fe
5.8
3
2.4
3.7
4.6
5.5
4.0
‘
4.3
8.1
9.9
6.0
Mn
0.1
75
0.0
9
0.1
6
0.1
3
0.2
4
0.1
2
0.1
5
0.1
9
0.3
5
0.3
Ni
<0.
019
0.0
14
0.0
26
0.0
20
0.0
29
0.0
36
0.0
35
0.0
56
0.1
04
0.0
6
Pb
1.8
0.8
1.2
0.9
3
1.2
1.0
1.2
1.1
2.6
1.5
11
0.1
85
0.0
0
0.0
2
0.0
5
0.0
2
0.0
2
0.1
0
(0.
2)3
v
0.0
084
0.0
17
0.0
34
0.0
48
0.0
42
0.0
50
0.1
15
0.0
8
Zn
0.4
4
0.5
0.7
1.5
1.0
(0.
4)8
'Pa
ren
the
ses
in
di
ca
te
co
ns
id
er
ab
le
unc
er
ta
in
ty
in
mod
el
co
nc
en
tr
at
io
ns
due
to
lim
ite
d
num
be
r
of
me
as
ur
e—
ments.
aE
st
im
at
ed
fr
om
Ha
rr
is
on
et
a1.
(19
71)
on
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.
Na
ti
on
al
Ai
r
Su
rv
ei
ll
an
ce
Ne
tw
or
k
da
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r
th
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en
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ar
e
no
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(W
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te
r,
19
75
--
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on
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mm
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at
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n;
Ak
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nd
,
l9
75
--
pe
rs
on
al
co
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un
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at
io
n)
.
Ref
ere
nce
s:
Har
ris
on
and
Win
che
ste
r
(19
71)
;
Har
ris
on
et
a1.
(19
71)
;
Nat
ion
al
Air
Sur
vei
lla
nce
Net
wor
k—-
EPA, 1972, 1973a).
_. ~4A
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 5.4 DATA ON MUNICIPAL AND INDUSTRIAL DISCHARGES AND SLUDGES
Tables 5.4—1 to 5.4—4 summarize the results of a study by the U.S.
EPA Region V Eastern District Office to evaluate the levels of
organic contaminants in effluents and sludges from wastewater treat-
ment plants in Battle Creek, Jackson, Niles and Three Rivers (150).
The predominant contaminants appear to be Aroclor 1242 and 1254, and
phthalate esters.
Extensive surveys have beenmade of PCB levels in sludges and
effluents in the Lake Michigan Basin. The PCB levels in Table 5.4-5
(151) in sludges from four wastewater treatment plants and from one
industry ranged from 1.3 ppm to 15 ppm during 1973—74. A survey by
the Wisconsin Department of Natural Resources (127) estimated that in
1975, 2000 lbs. of PCBs were discharged into Green Bay from major
point sources along the lower Fox River. Most of this quantity came
from mills which recycle waste papers. The daily estimated releases
are shown in Table 5.4—6.
In 1978, Peterman gt al, (152) reported the reSults of a study to
assess the sources and distribution of organic compOunds, particularly
chloro—organics, in the 64 km Lower Fox River in northeastern Wisconsin.
During 1976—77, about 250 samples were analyzed, including biota and
15 mill and 12 sewage treatment plant effluents. Table 5.4—7 lists
the compounds identified in the study, and the concentration ranges
for compounds which were quantified.
The presentation by Jones and Lee (87) summarized the results of many
studies on the compounds found within municipal wastewater effluents
and sludges. Table 5.4—8,which lists the results of a U.S. EPA
sponsored study to identify organic compounds in the Muskegon
wastewater system, is taken from the summary byJones and Lee.
Tables 5.4—9 and 5.4—10 are obtained from the Wisconsin Department
of Natural Resources publication "Surveys of Toxic Metals in
Wisconsin". (125). Although many of the plants listed on Table
5.4—9 are not in the Great Lakes Basin, the information is
included for purposes of comparison.
Table 5.4—11 shows the results of effluent analyses by U.S. EPA
Region
V.
/
Also of interest is the U.S. FDA study (158) which evaluated the
effects of discharges of PCBS and PCB substitutes (Pydraul 50 E)
from the Outboard Marine Co. outfall in Waukegon Harbor. The
results are shown in Table 5.2—6. and 5.6—1.
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TABLE 5.4-1
S
A
M
P
L
E
A
N
A
L
Y
S
I
S
R
E
S
U
L
T
S
BATTLE CREEK, MICHIGAN
WA
ST
EW
AT
ER
TR
EA
TM
EN
T
PL
AN
T
NOVEMBER, 1973
 
RA
W
WA
ST
E
EF
FL
UE
NT
SL
UD
GE
PA
RA
ME
TE
R
ng
/L
}
(l
bs
/d
ay
)
(H
g/
L)
(l
bs
/d
ay
)
(m
g/
kg
}
DR
Y
Z
RE
MO
VA
L
Ar
oc
hl
ot
12
21
<.
00
1
<.
00
01
<.
00
1
<.
00
01
<.
00
1
<.001
<.001
Ar
oc
hl
or
12
32
<.
00
1
<.
00
01
<.
00
1
<.
00
01
<.
00
1
<.001
<.001
Ar
oc
hl
or
12
42
14
0
15
.1
11
0
11
.8
<.
00
1
21
2.250
<.001
Ar
oc
hl
or
12
48
<.
00
1
<.
00
01
<.
00
1
<.
00
01
<.
00
1
<.001
<.001
Ar
oc
hl
or
12
54
0.
22
0
.0
23
.1
80
.0
2
2.
20
0
18
5.090
1.3
Ar
oc
hl
or
12
60
<.
00
1
<.
00
01
<.
00
1
<.
00
01
<.
00
1
<.001
<.001
Ar
oc
hl
ot
12
62
<.
00
1
<.
00
01
<.
00
1
<.
00
01
<.
00
1
<.001
<.001
Ar
oc
hl
or
12
68
<.
00
1
<.
00
01
<.
00
1
<.
00
01
<.
00
1
<.001
<.001
Li
nd
an
e
0.
01
0
.0
01
.0
06
.0
00
6
<.
00
1
40
.013
<.001
He
pt
ac
hl
or
0.
00
7
.0
00
8
<.
00
1
<.
00
01
<.
00
1
>8
6
<.001
<.001
Al
dr
in
0.
03
3
.0
04
0.
00
5
.0
00
5
<.
00
1
85
<.001
<.001
He
pt
ac
hl
or
ep
ox
id
e
<.
00
1
<.
00
01
0.
02
7
.0
03
<.
00
1
<.001
<.001
Di
el
dr
in
.4
9
.0
5
0.
01
2
.0
01
.2
80
98
<.001
.0058
En
dr
in
<.
00
1
<.
00
01
0.
03
3
.0
04
.0
49
<.001
<.001
o,
p—
DD
T
<.
00
1
<.
00
01
0.
04
2
.0
05
.0
07
5
.032
.048
p,p
_DD
T
o _0
04
.00
04
< .
001
< .
000
1
< .
019
75
.001
.016
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TABLE 5.4-1 CONT'D
SAMPLE ANALYSIS RESULTS
BATTLE CREEK, MICHGAN
WASTEWATER TREATMENT PLANT
 
NOVEMBER, 1973
RAW WASTE EFF‘LUENT sumcg
PARAMETER (Hg/L) (lbs/daz) (ug/L) (lbs/daxz (mg/kg) DRY z REMOVAL
o,p-
DDD
<.00
1 <
.000
1
<.00
1 <
.000
1
.031
.017
.0073
p,p-
DDD
<.00
1 <
.000
1
.026
.003
<.00
1
<.001
<.001
o,p-DDE .010 .001 <.001 <.0001 .100 >90
.086
.120
p,p—
DDE
.007
.000
8
<.00
1 <
.000
1
<.00
1
>35
<.001
<.001
Meth
oxyc
hlor
.001
.0001
.001
.0001
<.00
1
.047
.031
01-N-aucy1 phthalate 49 5.3 370 40 530
<50
143
Di—Z
-eth
yl
phth
alat
e
58
6.2
61
7
327
<50
85.7
Chlo
rdan
e
0.20
.021
(-00
1 (
-000
1
<.00
1
>99
<.001
<.001
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 TABLE 5.4—2
SAMPLE ANALYSIS RESULTS
JACKSON, MICHIGAN
WASTEWATER TREATMENT PLANT
OCTOBER; 1973
RA
W
WA
ST
E
EF
FL
UE
NT
SL
UD
GE
   
PA
RA
ME
TE
R
(u
g/
L)
(l
bs
/d
ay
)
(u
g/
L)
(l
bs
/d
ay
)
(m
gz
kg
)
DR
Y
j/.
RE
MO
VA
L
Ar
oc
hl
or
12
21
< .
001
< .
00
01
r;
’7"
WV
< .
00
1
< .
00
01
< .
001
Ar
oc
hl
or
12
32
<.
00
1
<.
00
01
<.
00
1
<.
00
01
<.
00
1
Ar
oc
hl
or
124
2
<.
00
1
<.
00
01
<.
00
1
<.
00
01
.47
Ar
oc
hl
or
12
48
<.
00
1
<.
00
01
<.
00
1
<.
00
01
<.
00
1
Ar
oc
hl
or
12
54
1.
5
.2
.4
.04
1.
3
73
Ar
oc
hl
or
12
60
<.
00
1
<.
00
01
<.
00
1
<.
00
01
<.
00
1
Aro
chl
or
126
2
<.0
01
<.0
001
. <
.00
1
<.0
001
<.0
01
Aro
chl
or
126
8
< .0
01
< .
000
1
< .
001
< .
000
1
< - 0
01
Lin
dan
e
.00
3
.00
03
< .
001
< .0
001
.00
5
>67
Hep
tac
hlo
r
< .0
01
<.0
001
.00
5
.00
06
.00
6
Ald
rin
.02
2
.00
2
.01
8
.00
2
< .
001
18
Hep
tac
hlo
r
epo
xid
e
< .0
01
< .0
001
< .0
01
< .
000
1
< .0
01
Die
ldr
in
.07
7
.00
9
.00
6
.00
07
.02
4
92
End
rin
.06
8
.00
8
.00
4
.00
04
.00
6
94
o ,
p-D
DT
< .0
01
< .0
001
< .0
01
< .0
001
.01
1
p,p
—DD
T
<.0
01
<.0
001
.00
3
.00
03
<.0
01
o,p
-DD
D
< .
001
< .
000
1
< .
001
< .
000
1
.00
6
p,p
-DD
D
<.0
01
<.0
001
<.0
01
<.0
001
.01
6
o,p
-DD
E
<.0
01
<.0
001
<.0
01
<.0
001
<.0
01
p,p
-DD
E
.00
6
.00
07
.07
5
.00
8
< .0
01
Met
hox
ych
lor
< .0
01
< .0
001
< .0
01
< .0
001
< .0
01
Di—
N—B
uty
l
pht
hal
ate
190
20
8
.9
2
96
Di-
Z-e
thy
l
pht
hal
ate
360
40
14
2
‘
5
96
Chl
ord
ane
< .0
01
< .
000
1
< . 0
01
< .
000
1
.18
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TABLE 5.4-
SAMPLE ANALYSIS RESULTS
3
ILLINOIS
WASTEWATER TREATMENT PLANT
NOVEMBER; 1973
PARAMETER
RAW WASTE
(pg/L) (lbs/dax)
EFFLUENT
/L) (lbs/da )
SLUDGE
(mg/kg) DRY Z REMOVAL
Arochlor
Arochlor
Arochlor
Arochlor
Arochlor
Arochlor
Arochlor
Arochlor
Lindane
1221
1232
1242
1248
1254
1260
1262
1268
Heptachlor
Aldrin
Heptachlor epoxide
Dieldrin
Endrin
o,p—DDT
p,p-DDT
<.001
<.001
120
<.001
.200
<.001
<.001
.005
<.001
.004
.008
.004
.008
.030
<.001
<.00002
<.00002
/
\
.00002
.005
/
\
.00002
/
\
.00002
/
\
.00002
.0001
<.00002
.0001
.0002
.0001
.0002
.0007
<.00002
<.001
<.001
92
<.001
.150
<.001
<.001
<.001
.010
<.001
.003
.014
<.001
<.001
.003
<.001
<.00002
<.00002
<.00002
.004
<.00002
<.00002
<.00002
.0002
<.00002
.00007
.0003
<.00002
<.00002
.00007
<.00002
<
<
<
/
\
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.0
.6
.4
.001
.001
.001
<.001
.001
.001
.001
.001
.001
.0041
.089
.034
.010
.0097
.0052
<.001
<.001
<.001
,
_
.
.0056
.001
.0025
.400
.800
.300
.080
.056
.029
.150
.190
.090
.0044
.001
.0032
23
25
25
>88
90
_
_
¥
_
_
_
_
J
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D
S
A
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P
L
E
A
N
A
L
Y
S
I
S
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E
S
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T
S
N
I
L
E
s
,
I
L
L
I
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I
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T
R
E
A
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P
L
A
N
T
NOVEMBER, 1973
R
A
W
W
A
S
T
E
E
F
F
L
U
E
N
T
S
L
U
D
G
E
P
A
R
A
M
E
T
E
R
“
A
g
/
L
)
{
l
b
s
/
d
a
y
}
(
H
g
/
L
)
(
l
b
s
/
d
a
y
)
(
m
g
/
k
g
)
D
R
Y
Z
R
E
M
O
V
A
L
o
,
p
-
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9
2
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1
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1
PARAMETER
TABLE 5.4-4
SAMPLE ANALYSIS RESULTS
THREE RIVERS; MICHIGAN
WASTEWATER TREATMENT PLANT
RAW WASTE
(u /L) (lbs/day;
NOVEMBER; 1973
EFFLUENT
(ug/L) (lbs/day)
SLUDGE
(mg/kg) DRY
W
Arochlor 1221
Arochlor 1232
Arochlor 1242
Arochlor 1248
Arochlor 1254
Arochlor 1260
Arochlor 1262
Arochlor 1268
Lindane
Heptachlog
Aldrin
Heptachlor epoxide
Dieldrin
Endrin
o,p—DDT
P 3
<.001 <.000009
<.001 \.000009
100 .9
<.001 <.000009
<.001 «.000009
<.001 <.000009
<.001 <.000009
.005 <.00005
.007 .00006
.016 .0001
<.001 <.000009
.42 .004
.067 .0006
<.001 <.000009
<.001 <.000009
<.001 <.OOOOO9
<.001 <.OOOOO9
360 3
<.001 <.000009
.58 .005
<.001 <.000009
<.001 <.000009
<.001 <.000009
.004 <.00004
.001 .000009
.014 .0001
.012 .0001
<.001 <.000009
.005 .00005
.001 .000009
<.001 <.000009
<
<
<
14
15
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.001
.6
.34
<.001
<.001
/
\
.001
<.001
A
A
.001
.001
.001
.001
.001
.001
.0026
.054
.019
.001
.002
.001
.001
.0049
.001
.019
20
86
13
<99
93
 
TABLE 5.4-4 CONT’D
SAMPLE ANALYSIS RESULTS
THREE RIVERS, MICHIGAN
WASTEWATER TREATMENT PLANT
NOVEMBER, 1973
 
RA
W
WA
ST
E
EF
FL
UE
NT
SL
UD
GE
PAR
AME
TER
(Ug
/L)
(lb
s/d
ay)
(pg
/L)
(lb
s/d
ax)
(mg
/kg
)
DRY
Z R
EMO
VAL
o,p
—DD
D
<.0
01
<.0
000
09
<.0
01
<.0
000
09
'<.
001
.0041
.0092
p,
p-
DD
D
.00
3
.00
003
.00
1
.00
000
9
<.
00
1
67
<.001
<.001
o,p
—DD
E
.00
3
.00
003
<.0
01
<.0
000
09
.62
>67
.085
.45
p,p
—DD
E
<.0
03
<.0
000
3
.00
1
.00
000
9
<.0
01
67
<.001
<.001
Met
hox
ych
lor
.00
1
.00
000
9
.00
1
.00
000
9
<.0
01
<.001
<.001
Di—
N-B
uty
l
pht
hal
ate
67
.6
44
.4
300
34
<50
<50
Di—
Z—e
thy
l
pht
hal
ate
180
2
28
.3
585
84
<50
331
Chl
ord
ane
.09
7
.00
09
.00
1
.00
000
9
< 0
01
99
<.001
<.008
322
 
3
2
3
FACILITY
Battle Creek WWTP
Jackson WWTP
Niles WWTP
Three Rivers WWTP
Fedders Corp .
Mead Corp.
Hoover Ball &
Bea
rin
g
Michigan Tube
Dowagl
ac WWT
P
TABLE 5.4—5
RESULTS OF MODO PCB SURVEYS IN LAKE MICHIGAN BASIN
LOCATION
Battle Creek
Jackson
Niles
Three Rivers
Greenville
Ostego
Fowlerville
Eau
Claire
Dowagiac
*indicates not detectable.
SOURCE:
RECEIVING
WATERS
DATE
Nov/73
I
I
 
Kalamazoo
Grand River
St. Joseph
St. Joseph
Flat River
Kalamazoo
Red Cedar
June/74
Sept/74
Oct/74
Farmers Creek
Dowagiac Creek
**ug/L applies to influents (inf.) and effluents (eff.)
ug/kg applies to sludges.
u.s. EP., EDO, REGION i
OUTFALL
Inf.
Eff.
Sludge
Sludge
Sludge
Inf.
Eff.
Sludge
Inf.
Eff.
Sludge
Sludge
Sludge
Inf.
Eff.
Sludge
Sludge
Sludge
001(eff.)
00
2
003
Int.
001(eff.)
005
006
Sludge #1
Sludge #2
001(eff.)
001(eff.)
PCBs
1242
140
110
*
2,250
*
*
it
470
120
9
2
100
36
0
0123
0.19
0.23
0.10
0.
31
0.27
0.14
*
*
*
*
3':
- ug/L or ug/kg, dry
1248
 
*
-
K
-
K
-
K
-
K
d
t
-
X
-
X
-
)
<
-
l
<
-
K
-
K
-
K
-
X
-
K
'
K
-
K
-
K
i
t
-
R
-
K
-
K
-
K
L
n
'
-
)
<
q
*
4
!
1254
.220
.1
80
2,220
5,090
1,300
1.5
0.4
1,300
.200
.150
8,000
9,600
5,400
.17
.58
14,600
4,340
15,000
*
*
*
-
l
<
-
K
'
K
-
)
<
15,000
4,500
*
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B
L
E
5
.
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-
6
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TI
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S
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B
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T0
GR
EE
N
BA
Y
AN
D
LA
KE
MI
CH
IG
AN
FR
OM
IN
DU
ST
RI
AL
AN
D
MU
NI
CI
PA
L
EF
FL
UE
NT
S
       
(Ref. 127)
éA
ve
ra
ge
Da
il
y
ﬂ-
Es
ti
ma
te
d
Di
sc
ha
rg
e
in
PC
B
Te
st
in
g
1b
s.
/d
ay
Ri
ve
r
Wa
st
ew
at
er
ga
ll
on
s
of
Va
lu
e
in
of
PC
BS
Ba
si
n
So
ur
ce
Pr
oc
es
s
Wa
te
r
Da
te
pp
b
Av
e.
pp
b
Di
sc
ha
rg
ed
Fo
x
Ri
ve
r
Jo
hn
St
ra
ng
e
Paper
(o
ut
fa
ll
#2
)
48
0,
00
0
Oc
t.
17
,
19
75
4
Ja
n.
27
,
19
76
1
2.
6
Ap
ri
l
1,
19
76
.5
2.
36
.0
09
Fox River Bergstrom
Pa
pe
r
Co
.
3,
87
6,
00
0
Fe
b.
6,
19
75
50
April 22, 1975 18
July 18, 1975 27
Sept. 26, 1975 2
Oct. 7, 1975 9.9
Nov. 26, 1975 . 75
Dec. 22, 1975 52
Jan. 9, 1976 75
Jan. 22, 1976 17
Jan. 30, 1976 19
Feb. 6, 1976 34
Feb. 13, 1976 36
March 11, 1976 10
Ju
ly
20
,
19
76
5.
5
35
.2
1.
13
2
Fo
x
Ri
ve
r
Ki
mb
er
ly
—C
la
rk
(L
ak
ev
ie
w
Di
v)
3,
43
0,
00
0
Oc
t.
16
,
19
75
.2
8
.2
8
.0
08
1
1
Fo
x
Ri
ve
r
Ne
en
ah
—M
en
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ha
}
‘
ww
rp
1
15
,7
30
,0
00
Oc
t.
16
,1
97
5
.1
6
‘
Ja
n.
20
,
19
76
.2
5
.2
1
.0
27
Fo
x
Ri
ve
r
Ne
en
ah
Fo
un
dr
y
(P
la
nt
#1
)
83
0,
00
0
Au
g.
1,
19
75
.1
0
.1
0
.0
00
7
Fo
x
Ri
ve
r
Ne
nn
ah
Fo
un
dr
y
(P
la
nt
s
#2
&
3)
1
1,
31
7,
00
0
Au
g.
1,
19
75
2.
40
2.
40
.0
26
‘
.
Fo
x
Ri
ve
r
Ri
ve
rs
id
e
Pa
pe
r
44
,0
00
Fe
b.
12
,
19
76
3.
60
3.
60
.0
01
Fo
x
Ri
ve
r
Ap
pl
et
on
WW
TP
13
,3
80
,0
00
Fe
b.
13
,
19
73
.2
6
Fe
b.
16
,
19
73
.1
4
Au
g.
24
,
19
73
.0
7
.1
6
.0
18
Fo
x
Ri
ve
r
Ki
mb
er
ly
—C
la
rk
\
Co
rp
or
at
io
n
Au
g.
28
,
19
73
>.
05
—
—
Fo
x
Ri
ve
r
Ki
mb
er
ly
WW
TP
59
0,
00
0
Fe
b.
23
,
19
73
.1
5
Se
pt
.
18
,
19
73
.3
5
.2
5
.0
01
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 TABLE 5.4-6 CONT'D
      
*Average Daily Estimated
Discharge in
PCB Testing
lbs. / day
River Wastewater gallons of Value in of PCBs
Basin Source Process Water Date ppb Ave. ppb Discharged
Fox River Kaukauna WWTP 2,470,000 Feb. 15, 1973 .11
Oct. 3, 1973 .09
Oct. 15, 1974 .10 .10 .002
Fox River Wrightstown
WWTP 190,000 March 20, 1973 >.05 >.05 >.00007
Fox River DePere WWTP 2,360,000 Feb. 15, 1973 .30
Oct. 15, 1974 .50 .40 .007
Fox River Fort Howard
Paper Co. 18,000,000 March 4, 1975 6.8
May 6, 1975 10
July 8, 1975 4.4
Aug. 21, 1975 14
Oct. 2, 1975 160
Dec. 19, 1975 56
Jan. 8, 1976 31
Jan. 15, 1976 31
Jan. 21, 1976 3.5
Jan. 28, 1976 6
Feb. 4, 1976 1.4
Feb. 12, 1976 3.2
April 21, 1976 1.2 25.27 3.793
Fox River American Can 4,750,000 Jan. 25, 1976 .20 .008
Fox River Charmin Paper 11,000,000 Jan. 14, 1976 .20 .018
Fox River Green Bay i
Packaging 1,000,000 Oct. 21, 1974 .45 .004
Fox River Green Bay WWTP 35,640,000 Jan. 22, 1976 .40 .119
Peshtigo R. Badger Paper
- Mills 1,486,000 Oct. 30, 1974 .10
Aug. 21, 1975 .20 .15 .002
Peshtigo R. Peshtigo WWTP 4,340,000 Aug. 21, 1975 .20 .007
Menominee R. Scott Paper Co. 4,900,000 Oct. 30, 1974 .10
March 3, 1976 .60 .35 .014
Menominee R. Marinette WWTP 2,620,000 Oct. 30, 1974 .10 .002
Oconto R. Scott Paper Co. 8,360,000 Oct. 30, 1974 .10 .007
Fox River Portage WWTP 890,000 July 31, 1974 7.4
89
0,
00
0
Ap
ri
l
16
,
19
75
4.
2
1,014,000 May 28, 1975 6.8 6.13 .046
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ve
ra
ge
Da
il
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Es
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ma
te
d
Di
sc
ha
rg
e
in
PC
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Te
st
in
g
1b
s.
/d
ay
Ri
ve
r
Wa
st
ew
at
er
ga
ll
on
s
of
Va
lu
e
in
of
PC
BS
Ba
si
n
'
So
ur
ce
Pr
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es
s
Wa
te
r
Da
te
pp
b
Av
e.
pp
b
Di
sc
ha
rg
ed
Fo
x
Ri
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WW
TP
6,
50
0,
00
0
Fe
b.
27
,
19
73
.5
9
7,
10
0,
00
0
Ma
y
23
,
19
75
.2
.3
9
.2
18
Fo
x
Ri
ve
r
Os
hk
os
h
WW
TP
8,
40
0,
00
0
Se
pt
.
25
,
19
74
.1
.0
07
Fo
x
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ve
r
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ro
WW
TP
87
,0
00
Ma
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2,
19
73
.2
5
10
8,
00
0
Se
pt
.
18,
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73
1.
2
.7
2
.0
00
6
Tw
in
Ri
ve
r
Tw
o
Ri
ve
rs
WW
TP
2,
65
0,
00
0
Se
pt
.
23,
19
75
.2
0
3,
45
0,
00
0
. M
ar
ch
4,
19
76
.7
0
.4
5
.0
12
Sh
eb
oy
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n
Vo
ll
ra
th
#l
to
ST
P
Ju
ne
10,
19
75
.2
Vo
ll
ra
th
#2
to
ST
P
Ju
ne
10
,
19
75
.2
Sheboygan Pt. Washington '
WW
TP
3
1,
59
0,
00
0
De
c.
18,
19
74
.2
0
.0
02
6
1
Sh
eb
oy
ga
n
Sh
eb
oy
ga
n
WW
TP
;
11
,3
00
,0
00
Oc
t.
2,
19
74
1.
1
.
1
11
,6
00
,0
00
Ju
ne
17,
19
75
.65
1
9,
40
0,
00
0
De
c.
15,
19
75
.2
.6
0
.0
60
Milwaukee Jones Island 1
WW
TP
1 1
40
,0
00
,0
00
Oct
.
15,
197
4
.5
;
De
c.
18,
197
1.
.0
9
.3
0
.3
50
Milwaukee S. Milwaukee
WW
TP
2,
75
0,
00
0
Se
pt
.
17,
19
74
.17
.0
04
Mi
lw
au
ke
e
S.
Sh
or
e
Mil
wau
—|
‘
ke
e
WW
TP
50
,0
00
,0
00
Se
pt
.
18,
19
74
.29
.12
Milwaukee Appleton Elec-
Li
te
1,
00
0
Jan
.
5,
19
76
3
.0
00
02
Mi
lw
au
ke
e
Ba
bc
oc
k
&
Wi
lc
ox
90
0,
00
0
Jul
y
24,
197
5
.9
.00
7
Mi
lw
au
ke
e
Br
ig
gs
&
St
ra
tt
on
1,
26
0,
00
0
Jul
y
29,
197
5
1.5
i
.01
5
#3
25
5,
00
0
Ju
ly
29,
19
75
.2
.0
00
4
Milwaukee Crucible Steel
#1
Ju
ly
28,
19
75
.1
-
#2
Ju
ly
28,
197
5
«.1
—
#3
Ju
ly
28,
197
5
<.1
-
Milwaukee EST Grafton
#1
4,
30
0
Ap
ri
l
4,
19
75
.15
.0
00
00
5
#1
4,3
00
Jul
y
28,
197
5
.1
.00
000
3
#2'
14,
200
Jul
y
28,
197
5
.2
.00
002
Milwaukee Wehr Steel
#1
Jul
y
30,
19
75
<.1
-
#6
31
,0
00
Ju
ly
30,
19
75
.2
.0
00
03
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 TABLE 5.4—6 CONT’D
 
*Average Daily
Estimated
Discharge in PCB Testing lbs./day
River
Wastewater
gallons of
Value in
of PCBs
Basin
Source
Process Water
Date
ppb
Ave. ppb Discharged
Milwaukee R. Meta Mold—Cedarburg
— Cedarburg
21,000
July 28, 1975
5.6
.0009
Milwaukee Die
Casting
11,000
July 28, 1975
11.5
.001
Milwaukee Solvay
Coke #1 2,100,000 July 30, 1975 .1 .001
Maynard Electric
Steel #1 July 30, 1975 <.1 —
Grey Foundry —
W. Allis #2 19,000 July 31, 1975 .2 .00003
Root River Caledonia WWTP 103,000 Feb. 28, 1973 16 .0001
Racine WWTP 16,900,000 Sept. 10, 1973 .27 .038
16,920,000 Dec. 18, 1974 .1 .014
     
*Average daily discharge figures are
taken from Chapter NR 101 files (for
industrial discharges) and from muni-
cipal waste water files for municipal
discharged.
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 TABLE 5.4—7
CO
MP
OU
ND
S
ID
EN
TI
FI
ED
IN
GC
/M
S
ST
UD
Y
OF
EF
FL
UE
NT
S
DI
SC
HA
RG
ED
IN
TO
TH
E
LO
WE
R
FO
X
RI
VE
R,
WI
SC
ON
SI
N
(Ref. 152)
Acetovanillone
Benzothiazole (10-30 ppb)
Ch
lo
ro
de
hy
dr
oa
bi
et
ic
ac
id
Chloroindole
Ch
lo
ro
—o
xo
-d
eh
yd
ro
ab
ie
ti
c
ac
id
Chlorosyringaldehyde
Chlorotoluene
Chloroveratrole
Chloroxylenes
De
hy
dr
oa
bi
et
ic
ac
id
(1
00
—3
20
0
pp
b)
Dichlorodiene resin acids
Dichloroguaiacol
Dichlorophenol (15-40 ppb)
Diphenylacetaldehyde
— mono, di, trichloro derivatives
Hydroxybenzothiazole (10—30 ppb)
Methylthiobenzothiazole (10—40 ppb)
Monochlorodiene resin acid
Monochlorophenol
PAHs (0.5—10 ppb)
PCBs (0.2-68 ppb)
Pentachloroanisole (0.05-0.78 ppb)
Pentachlorophenol (5-40 ppb)
Syringaldehyde
Tetrachlorodiene resin acids
Tetrachloroguaiacol (10—50 ppb)
Tetrachlorophenol (2-20 ppb)
Trans—stilbene oxide
— mono, di, trichloro derivatives
Trichloroaniline
Trichlorodiene resin acid
Trichlorodimethoxy phenol
Trichloroguaiacol (10—60 ppb)
Trichlorophenol (5-100 ppb)
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TABLE 5.4—8
ORGANIC COMPOUNDS IDENTIFIED IN
MUSKEGON SYSTEM WASTEWATER
 
Wastewater Sampled
Aerated Holding
Lagoon Lagoon Final
Pollutant Influent Effluent Effluent Effluent
+ +
+ .—
Dichloromethane# #
1.2 Dichloroethane
1.2 Dichloroethylene
Toluen
Xylene§#
Acetone
Dimethyl Sulfide
3—Pentanone
Dimethyl Disulfid
Dichlor b zidine
Phenol g’fg #
Ethylbenzene
Trichlorobenzene
Diazobenzene
Dichlorﬁﬁenzophenone
Aniline
N—Ethylaniline
N,S—Diethylaniline
N,N—Dimethyla##line
Chloroaniline
Benzothiazole
Benzyl#ﬁlc0hol##
Cresol
Methoxy Phenol##
Hydroxymethoxyacetophenone
Dimethoxyacetophenene
Chloropropiopﬂgnone
Hexanoic Acid
Decanoic Acid##
Dodecanoic Acid
Tetradecanoic Acid
Hexadecanoic Acid
Heptadecanoic Acid
Octadecanoic Acid
a —Pinene
B —Pinene
“ —Terpineol
Trithiapentane##
Tetrathiohexane##
2-Ethyl—l-hexanol
Isoborneol
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TABLE
5.4—9
(Ref. 125)
ANNUAL
POUNDAGE
OF METAL
WASTES
DISCHAR
GED TO
THE AIR;
WATER AN
D SOIL
IN SELEC
TED ARE
AS
 
Annual Poundage D
ischarged to the
Air, Water, and S
oil*
Grafton
Mayville
Horicon
Fox River
Beaver Dam
Sheboygan
Racine
Valley
Central
Hartford
Kohler
Milwaukee
Kenosha
Marinette
Wisconsin
Ripon
Manitowoc
Metal
Area
Area
Peshtigo
Area
Fond du Lac
Two Rivers
Arsenic
—
—
1,800
530
—
—
Beryllium
50
—
—
-
-
-
Cadmium
754
—
30
—
4,743
-
Chromium
19,460
31,777
3,360
1,591
3,516
8,430
Copper
6,688
74,099
3,820
2,150
870
405
Lead
2,500
117,965
—
380
—
861
Mercury
—
—
—
29
—
—
Nickel
22,933
3,214
50
3,038
615
—
Selenium
-
—
—
5,907
—
—
Zinc
64,443
97,115
___55
58,007
:8,§Z§
10,145
Total
116,828
324,170
9,115
71,632
18,619
19,841
*all sites are not in the Lake Michigan Basin, and are included for comparison.
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 TABLE 5.4—11
EPA
REGION
V
—
ANALYSES
OF
WASTEWATER
DISCHARGES
TO
LAKE
MICHIGAN
1975-76
Point Source Discharges
Appleton WWTP, WI
Scott Paper Co., Onconto Falls, WI
Fansteel Inc., N. Chicago, IL
Ansul Company, Marinettee, WI
Marinette WWTP, WI
Appleton WWTP
Briggs & Stratton Corp., West Allis, WI
Republic Steel, Calumet River, IL
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Parameter
Mercury Levels >.5ug/L
 
50 ug/l
22 Ug/L
0.9 ug/L
Arsenic Levels >250 ug/L
1540 ug/L
675 ug/L
Lead Levels >100 ug/L
3,000 ug/L
1,020 ug/L
350 ug/l
m
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A8
A1
As
Au
Ba
Br
Ca
Ce
C1
Co
Cr
Cs
Cu
Eu
Fe
Hf
Hg
La
Lu
M8
Mn
Mo
Na
Rb
Sb
Sc
Se
Sm
TABLE 5 . 5-1
AVERAGE
TRACE
ELEMENT
CONCENTRATIONS
FOUND
IN LAKE MICHIGAN BIOTA (132)
Parts
Per
Million
(wet
weight)
PHYTOPLANKTON
ZOOPLANKTON
BENTHOS
.09
.04
.10
419
99
83
1.5 1 2
.004
.002
.003
6 4. 6
8 88 36
20001 17501 2320
<.5 .2 .39
118 1440 1972
.083 .05 .06
.43 .35 .65
.002 .007 .033
6 5 7
.002 .002 .0017
55 40 35
.009 .005 .006
.16 .09 .14
.80 .91 .50
7251
9701
8701
.22 .066 .073
<.02 .01 .01
3161
2401
5001
ll
3_7
13.7
.7
5.9
3-9
3101
2651
5401
1.1 1.8 2.2
.07
.08
.017
N D_2 .01 .011
.19 .60 .48
(.1 .015 .08
335
FISH
 
.01
N.D.
N.D.
.0001
N.D.
N.D.
N.D.
N.D.
N.D.
.005
.01
.02
N.D.
N.D.
N.D.
.15
<.5
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
.001
.0003
  
TABLE 5.5—1 CONT'D
PHYTOPLANKTON
Sr 14
Th <.02
V .38
Yb <.2
Zn 27
1 Data by Atomic Absorption.
2 N.D. — Not Determined.
Ed
ib
le
Po
rt
io
ns
,
no
t
co
nt
ai
ni
ng
internal organs.
ZOOPLANKTON BENTHOS
11 7.5
.007 .007
.08 .065
<.2 <.2
.23 14
skeletal material or the
336
111%.
<3
N.D.
N.D.
N.D.
TABLE 5.5-2
(Ref. 132)
1
CONCENTRATION FACTORS IN LAKE MICHIGAN BIOTA
ELEMENT
PHYTOPLANKTON
ZOOPLANKTON
BENTHOS
Ag
300
133
330
A1
15500
3660
3074
As
1500
1000
2000
Au
2000
1000
1500
Ba
162
108
162
Br
160
1760
720
Ca
57
50
66
Ce
N.D.2
285
557
C1 10 130 179
C0 461 277 333
Cr 252 206 382
Cs 143 500 2357
Cu z1200 =1000 =1400
Eu 232 232 197
Fe 2890 2105 1840
Hf 2250 1250 1500
Hg 5900 3330 5185
I 800 910 500
K 453 606 543
La 1100 330 365
Lu N.D. N.D. N.D
Mg 27 21 43
Mn N.D. 3700 3700
M0 350 1950 1950
Na 62 53 108
Rb 1100 2200 2200
Sb 304 347 74
Sc N.D. 3330 3660
Se 2290 7230 5783
Sm N.D. 500 2666
Sr 144 113 77
Th N.D. 2920 2916
v 1900 400 325
Yb N.D. N.D. N.D.
Zn 1690 1440 875
1.) These concentration factors were calculated from the equation:
'
Con
cen
tra
tio
n i
n O
rga
nis
m
concentration FaCtor — Concentration in Water
2.) N.D. = Not Determined
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heavy Metals
Tables 5.6—9 and 5.6—10 (125) illustrate some of the heavy metal
concentrations observed in Lake Michigan fish. The averaged mercury
levels were below .5 ppm. A special study (124) showed that most of
the mercury detected in Wisconsin fish was in the form of methyl
mercury.
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 TABLE 5.6—1
ORGANIC COMPOUNDS IDENTIFIED IN
LAKE MICHIGAN FISH TISSUE
COMPOUNDS CONCENTRATIONS
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(pp
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69
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Bs
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e 5
-6
-2
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6
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DDT
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Die
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in,
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s
See
Tab
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5.6
—2
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155
197
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Ch
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ri
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te
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N,I
,
(a)
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in
See
Ta
bl
e
5.
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3
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4—7
6
Wis
con
sin
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PCB
See
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le
5.6
-5
5.6-4
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6
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Dic
hlo
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N.I
.
(a)
N.I
.
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Cis—chlordane
Trans—chlordane
Trans—nonachlor
197
6
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keg
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Har
bor
Tri
phe
nyl
pho
sph
ate
0.0
6—0
.12
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158
Diphenylnonylphenyl
phosphate 0.16—0.28
Diphenylcumylphenyl
phosphate 0.22—0.41
DDE 0.8—1.4
PCB 7—8
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4
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Lak
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Detection Level - 0.01 ppm
(a) N.I. — not indicated
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—TABLE 5.6—2
Concentrations of pesticides and PCBs in fall collections of Lake Michigan
bloaters and lake trout off Saugatuck, Michigan, and coho salmon from east—
central Lake Michigan. (Ref. 155)
  
Spjﬁges Number gig? ‘ Total 101/11 DieleriI/I Total 5ch
Year
of fish
(mm)
ug/g ’
Ug/g —
Ug/g —
Bloaters
1969 120 270 9.94 (0.33) 0.27 (0.01) —
L 1970 28 263 9.87 (1.44) 0.19 (0.02) -
g 1971 603/ 264 6.24 (1.13) 0.27 (0.06) —
1972 1202/ 255 4.33 (0.48) 0.18 (0.03) 5.66 (0.95)
1 1973 1601/ 250 2.09 (0.26) 0.28 (0.02) 5.24 (0.37)
i 1974 1102/ 257 1.33 (0.14) 0.28 (0.03) 5.57 (0.31)
i 1975 1702/ 249 1.27 (0.20) 0.39 (0.03) 4.54 (0.36)
1976 1103/ 253 0.90 (006)3/ 0.35 (0.02) 4.11 (0.22)
E Coho salmon
% 1969 11 621 11.82 (2.69) 0.21 (0.02) —
1970 13 651 14.03 (1.29) 0.12 (0.02) —
1971 15 674 9.85 (1.41) 0.11 (0.01) —
1972 10 693 7.17 (1.09) 0.13 (0.04) 10.93 (2.12)
1973 29 620 4.48 (0.34) 0.09 (0.01) 12.17 (0.77)
.‘ 1974 30 665 3.82 (0.34) 0.10 (0.01) 10.45 (0.92)
E 1975 30 645 3.25 (0.20) 0.10 (0.01) 10.77 (0.59)
1976 30 635 2.98 (0.20) 0.08 (0.01) 9.21 (0.46)
Lake trout
1970 18 613 19.19 (3.27) 0.27 (0.05) -
197
1
20
579
13.
00
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0 (
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)
—
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1 (3
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6)
12.8
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3)
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3)
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8 (
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)
197
6
30
606
5.65
(1.0
4)
0.3
0 (
0.02
)
18.
68
(2.6
6)
l/Concentrations in whole fish, wet weight with 95% confidence interval in
parentheses.
E/Composite samples, 5 fish/sample.
E/Composite samples, 10 fish/sample.
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TABLE 5.6-4
FISH
SPECIES
COLLECTED
AND
ANALYZED
FOR
PCBs7k
 
(Ref. 127)
Name
Letter
Code
Alewife A
Bloater Chub BC
Blue Gill B
Brook Trout BT
Brown Trout BR
i Bowfin BW
j
Bullhead
BU
*
Burbot
BB
Carp C
T Chub CH
; Cisco CI
' Coho Salmon CS
Chinook Salmon CN
Crappie CR
Freshwater Drum D G
Gizzard Shad GS
Herring H
Lake Trout LT
Lake Whitefish LW
Large Mouth Bass LMB
Menominee M
Northern Pike NP
Panfish PF
Pumpkinseed P
Rainbow Trout RT
Redhorse R
Sheepshead SH
Small Mouth Bass SMB
Smelt SM
Sucker S
Sunfish SF
Tiger Trout TT
Walleye W
White Bass WB
‘ White Sucker WS
Yellow Perch YP
7'<Results outlined in Table 5.6—5
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 TABLE 5.6—5
PC
B
L
E
V
E
L
S
IN
F
I
S
H
F
R
O
M
V
A
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U
S
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S
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O
N
S
I
N
W
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R
S
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E
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D
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S
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i
d
#
0
6
0
8
&
0
6
0
9
0
5
/
7
7
1
C
H
W
F
23
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.2
1.
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1
1.
7
S
t
u
r
g
e
o
n
B
a
y
0
5
/
7
1
1
5
L
T
EP
—
1.
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5
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R
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1.
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5
4.
9
4.
9
4.
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.1
2.
1
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.2
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.8
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4
09
/7
5
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,
10
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,F
8.
8
1.
6
5.
6
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.9
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6
8L
T
F
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.4
1.
9
13
.4
21
.0
2W
F,
22
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,
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F
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0.
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1.
2
2.
3
Tw
o
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/7
6
1L
T,
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T,
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l
e
,
'
lW
F,
4s
F
5A
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8
0.
8
3.
3
5.
6
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7
4C
H
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.9
2.
4
2.
9
3.
4
M
a
n
i
t
o
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c
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rb
or
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/7
6
lC
S,
2L
T,
3B
R,
lB
T,
1R
T,
2L
w
F
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.1
1.
8
8.
2
7.
2
Sh
eb
oy
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n
#1
50
2
05
/7
5
2B
R
F
11
.5
0.
0
1.
7
3.
4
8L
T
F
9.
9
0.
1
5.
9
18
.2
Sh
eb
oy
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n
#1
50
3
05
/7
5
1
BC
F,
4.
5
0.
3
0.
3
0.
3
Sh
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oy
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n
Be
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h
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/7
5
3C
,
lB
R
F
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.9
9.
5
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.0
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.0
Sh
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/7
6
3W
5
F
2.
4
22
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22
2L
T
F
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.2
7.
9
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.5
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1C
S
F
5.
7
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26
26
5A
,
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11
‘,
lB
T,
1R
T,
\
5B
R,
1C
N
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5.
9
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4
6.
2
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.0
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.
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E.
Sh
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n
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/7
7
30
CH
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.9
1.
5
2.
0
2.
6
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/7
5
1R
T,
ZB
T,
3B
R,
4C
F
15
.6
5.
9
14
.6
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.0
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sh
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gt
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ac
h
07
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5
78
M
F
5.
8
0.
6
2.
0
5.
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SITE
Grid #1803
Grid #1805
Whitefish Bay
'Milwaukee #1901
Grid #1903
Grid #2203
Milwaukee Reef
-Grid #2002 & 2003
Strawberry Creek
Sand Bay
Sand Bay
Snake Island
Chambers Island
4 mi. S. Chambers Is.
5 mi. S. Chambers Is.
7 mi. S. Chambers Is.
7 mi. S. Chambers Is.
L. Sturgeon Bay
Sturgeon Bay
Pt. Sable #1001
Grid #1001
Dead Horse Bay
Grid #0804
DATE
05/77
05/77
05/77
05/72
05/75
05/77
05/77
05/77
05/75
11/74
11/76
06/76
04/77
06/76
04/77
02/75
02/75
02/75
07/71
02/75
04/75
04/77
01/76
04/77
01/76
06/75
11/75
T
A
B
L
E
5
.
6
-
5
C
O
N
T
'
D
SPECIES SAMPLED
SCH
22CH
9WF
10LT
6LT
3BT, lTT, 2C8
ZOCH
lSCH
ZOCH
2CH, lBT
12CN, 1C8
3CN
2BU, 10YP, 10A
9PR, 1233, 6W5
15w
lOPK
3YP, 2OBU
4WF
4WF
4WF
14LT
6WF
7c
8W
5N?
4BU, 6ws, 4c, lGS
10WF
lWB
3BB, 8YP
3LT
5YP
22LT,
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PORTION
ANALYZED
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
EP
F
F
EP
11EP,10F
U
'
I
K
D
O
N
M
N
D
b
I
-
‘
O
O
O
‘
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O
K
O
N
O
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'
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O
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\
\
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0
0
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\
D
O
15.
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 —~r
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E
5
.
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—
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N
T
'
D
ppm PCB
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7.
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6.
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_
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31
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/7
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F
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.1
5.
4
6.
3
7.
2
C
3WF, 3NP, 3B, 5BU,
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P
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.2
2
2
Of
f
Pe
ns
au
ke
e
08
/7
6
9C
F
8.
6
5.
2
5.
6
7.
8
3NP, 15MB, 5BU, 20R,
3?
F
1.
0
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0
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.
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.
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/
7
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F
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8
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1
3.
9
5.
7
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3,
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?
0
.
5
0
.
1
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8
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5
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.
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/
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.
6
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 T
A
B
L
E
5
.
6
—
5
C
O
N
T
'
D
_
ppm PCB
PORTION Z ..____.________.___.
SITE
DATE
SPECIES SAMPLED
ANALYZED
FAT
LOW
i
HIGH
Ct. Tr. 0. Bridge
07/74
8C
EP
12.2
21.4
35.9
45.8
(continued)
Co. Tk. 0. Bridge
06/76
4W8
F
0.8
2.8
18.0
48.0
3C
F
6 1
22.0
30.0
38 0
6B, ACR, EP
4N?
F
4.0
3.7
7.7
9.8
3RB, 2YP WF
SBU EP 2.0 19.0 30.5 50.0
* With reference to the letter code in Table 5.6—4, 1 CH implies that
l chub (CH) was analyzed.
** W.F: whole fish
F; fillet
E.P: edible portion
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TABLE 5.6—6
D
D
T
A
N
D
P
C
B
C
O
N
T
E
N
T
O
F
E
G
G
S
F
R
O
M
L
A
K
E
M
I
C
H
I
G
A
N
L
A
K
E
T
R
O
U
T
     
 
     
(Ref. 153)
Av
er
ag
e
Co
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en
tr
at
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(r
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s
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r
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e
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s
Ye
ar
di
am
et
er
(m
m)
fr
om
4
fi
sh
)
DD
T
PC
Bs
(p
pm
)
(p
pm
)
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73
5.
2
2.
74
—5
.2
4
5.
33
—9
.9
0
19
74
5.
1
2.
57
—3
.9
5
4.
84
—8
.3
0
19
75
5.
1
1.
41
—3
.5
5
3.
16
—6
.3
3
TABLE 5-6-7
CHICAGO DEPARTMENT OF HEALTH
AN
AL
YS
ES
0F
PC
BS
IN
CO
MM
ER
CI
AL
LY
AV
AI
LA
BL
E
FI
SH
FR
OM
LAKE MICHIGAN
(Ref. 154)
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rt
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n
Nu
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er
PC
B
pp
m
Sp
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ie
s
An
al
yz
ed
Sa
mp
le
s
Lo
w
X
Hi
gh
Co
ho
Sa
lm
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Wh
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e
(a
)
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0.
3
2.
5
6.
7
Fi
ll
et
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0.
1
1.
4
4.
3
Ch
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oo
k
Sa
lm
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ol
e
(a
)
'
13
1.
0
6.
1
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1
Fi
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14
0.
4
3.
7
7
7
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ee
l
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ad
Wh
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e
(a
)
1
4.
5
Fi
ll
et
l
1.
2
Br
ow
n
Tr
ou
t
Wh
ol
e
(a
)
1
2.
9
Fi
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et
1
1.
7
Pe
rc
h
?
2
0.
3
0.
4
F
0.
4
(a)
Wi
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ou
t
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ad
,
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an
d
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s.
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TABLE 5.6—8
ANALYSES
FOR
PCBS
IN
LAKE
MICHIGAN
FISH
PREPARED
FOR
HUMAN
CONSUMPTION
(Ref. 127)
PCB Concentration (ppm)
Species Fishing Site gay Cooked
Carp Sturgeon Bay 16.3 13.7 (smoked)
Lake Trout Grid 806 13.5 15.2 (boiled)
3.3 3.9 (boiled)
33.8 37.6 (boiled)
5.9 5.7 (boiled)
6.1 6.2 (boiled)
4.8 4.8 (deep fry)
3.0 3.0 (deep fry)
2.9 3.1 (deep fry)
5.7 6.6 (deep fry)
7.1 8.0 (baked)
5.4 6.9 (baked)
3.1 3.7 (baked)
4.8 5.0 (baked)
4.3 4.8 (baked)
Lake Trout Grid 706 14.0 13.8 (deep fry)
6.0 5.7 (deep fry)
1976: Wisconsin Department of Natural Resources
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TABLE
5.6-9
ME
RC
UR
Y
CO
NC
EN
TR
AT
IO
NS
IN
LA
KE
MI
CH
IG
AN
FI
SH
TI
SS
UE
PPm
+
Ye
ar
Lo
ca
ti
on
Sp
ec
ie
s
Ra
ng
e
Me
an
—
S.
E.
So
ur
ce
19
67
—6
8
La
ke
wi
de
Al
ew
if
e
0.
49
56
Am
er
ic
an
Sm
el
t
.l
O—
.l
7
0.
14
t.
01
Bl
oa
te
r
.1
3—
.5
1
.25
1L.
04
+
De
ep
wa
te
r
Sc
ul
pi
n
.5
2-
.9
6
.7
2—
.O
7
La
ke
Tr
ou
t
.1
1—
.2
2
19
:0
3
Lake Whitefish .07
+
Qu
il
lb
ac
k
.36
-.7
5
.5
6—.
20
Yellow Perch .11—.1a .121'.02
19
70
—7
1
La
ke
Al
l
sp
ec
ie
s
.0
5—
.7
0
.1
4
12
4
Michigan
vicinity Door
TWP and
Kewaunee TWP
Milwaukee
Riv
er
All
spe
cie
s
.05
—.3
5
.18
and Harbor
Gre
en
Bay
All
spe
cie
s
.Ol
—.7
5
.27
Menominee
Riv
er
All
spe
cie
s
.06
—1.
72
.43
19
70
Ke
wa
un
ee
Br
ow
n
tr
ou
t
.1
1
12
4
(100% as methyl
mercury)
1974 Whole Lake Lake trout, salmon,
Chu
b,
Bur
bot
See
Tab
le
5.6
-3
157
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TABLE 5.6—10
 
(Ref . 125)
Arsenic, Cadmium, Chromium. Lead and Zinc Levels in Fish From Wisconsin Waters
Sutnplc Length Metal Levels in ppm
Water County Site DEL Nunibgr_4 _SmmLo____ (Inches) Cr Zn Cd As Pb
Fox River Racine Below Burlington 5 Aug 1970 548 Sucker 14.6 — — 0 — 0.28
480 Sucker 16.0 — — 0 — 0.75
481 Redhorse 16.0 0 5.7 — 0 —
483 Curp - A e — — 0.32
485 Carp 0 — 0.22
488 2 Crappie 7 — ' ~ 0 — -—
484 White Buss 14.0 0.03 4.0 — 0 —
476 Smallmouth Buss 17.3 — 4.7 — 0 —-
551 Channel Catfish 12.0 — —' 0 — —
552 Channel Catﬁsh 12.0 « — 0 — 0.35
Green Bay Brown E. of Fox River 5 Aug 1970 1,193 Carp . 16.0 — A 0 — 0.44
Mouth 1,194 Carp 16.0 - — 0 — 0.46
1.195 Carp 16.0 — ~ 0 ~ 0.27
1.191 Carp 18.0 0.07 8.8 — — —
1,190 Carp 30.0 0.27 7.1 — — —
Green Bay Door N. of Sturgeon Bay 5 Jun 1970 358 5 Sucker 14.7-18.5 — — — — 0.12
Canal 360 Lake Alewife 6.7-9.5 — — 0 — 0.|2
363 Ciseo 16.0 0 3.7 - 0.10 —
359 3 Burbut 20.0-28.8 0 5.1 0.10 —
356 Lake Trout 26.0 — - — — 0.11
355 Lake Trout 28.5 - — 0.35 —
lake Michigan Kewaunee E. of Kewuunee 1 Jun 1970 323 10 Alewifc 5.6-8.0 — — — ~ 0
335 Rainbow Trout 17.7 — — 0 — 0.25
332 Brown Trout 18.5 — — 0 — 0.25
336 Brook Trout 17.3 0 3.2 — 0 -
334 Cohgjﬂmpn 19 3 0 4 1 — 0 14 —
Lake Winnebago Winnebago Asylum Bay 23 Apr 1970 232 Freshwater Drum 13.5 — — 0 - 0.05
228 Freshwater Drum 14.0 — — 0 ~ 0.05
229 Freshwater Drum 17.0 0 4 1 - 0 -
231 Freshwater Drum 17.0 — — — 0 —
238 2 Crappie 1 1.0 — — 0 — 0.05
236 Crappie 1 1.0 - — 0 — 0.05
234 Crappie 1 1.0 O 4.6 — 0 —
237 Northern Pike 12.0 0 4.8 — 0 - —
239 Northern Pike 20.0 — — 0 - 0.94
Menominee River Marinette River Mouth 20 May 1970 182 2 Sucker 14.0-18.0 — — 0 - 0.07
and 66 2 Sucker 20.0 — — 0 — 0.18
15 Jun 1970 181 3 Bullheads 8.8-9.1 — — 0 — 0.05
69 3 Bullheads 8.5-10.0 — — 0 - 0.05
214 2 Sunfish 7.0 0.04 5.7 — 0 —
176 Sunﬁsh 7.5 0 4.8 — — -
215 Largemouth Bass 14.5 0 3.7 — 0 —
185 Largemouth Bass 16.0 0 4.1 ~- 0.12 ~
Milwaukee River Milwaukee Above North Ave. 9 Jul 1970 418 8 Goldﬁsh 10.0 0 18.3 — 0.10 —
417 3Carp 10.0-13.0 — — 0 — 0.30
416 Carp 14.0 — — 0 - 0.27
415 Carp 16.0 — —- — 0 —
Milwaukee River Milwaukee Milwaukee Harbor 20 May 1970 18 Sucker — 0.42 6 9 — 0 -
‘ and 22 3 Sucker — — — — - 1
25 May 1970 17 2 Coho Salmon 18.0-20.0 0 4.6 — 0 — ‘
Milwaukee River Ozuukee Above Thicnsvillc 81111 1970 407 4 Sucker 10.0-14.0 0 4.8 — 0 —
4011 4 Sucker 11.0-12.0 0 4.7 - 0 ~
409 Curp 15.0 — — 0 -— 0.05
411) Curp 17.0 — — 0 - 0.30
411 Carp 18.0 0 10.6 — 0 -
414 Northern Pike 15.0 — — 0 — 0.06
412 Northern Pike 17.0 0 4.2 — 0 —
413 Northern Pike 17.0 - - 0 - 0.05
   
  
5.7 DATA ON WILDLIFE
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PORTION
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See Table
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TABLE 5.7—2
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TABLE 5.7—2 CONT'D
 
No. of No. of
pools individuals Mean PCB(2)
Specimen analyzed per pool Est. 1254 Est. 1248
Sister Islands
Addled eggs—1973 l 10 463 74.1
Addled eggs-1974 l 10 421 77.7
Cracked eggs—1973 l 19 347 68
Cracked eggs—1974 1 15 322 67
Renest eggs—1973(6) 1 10 71.1 71.1
Random Collection—1971 3 4 178 39.8
Random Collection—1972 3 3—4 309 73.1
Random Collection—1973 3 3-4 349 107
Random Collection—1974 3 4 249 74.2
  
(1) A11 residues expressed as ppm wet—weight basis.
(2) Where more than one pool was analyzed, the means are weighted for the sample
size of each pool.
(3) Residue data must be considered unreliable because NaZSO4 contamination was
approximately equal to this value.
(4) ND = Not Detected
(5) These data are suspect because of one extremely low sample and must be rechecked.
(6)
Data
susp
ect—
samp
le n
umbe
r sw
itch
susp
ecte
d.
Samp
les
will
be r
eche
cked
.
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h
Date
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
l970
1970
 
Samgling Site
Winnebago County
Bayfield County
Bayfield County
Bayfield County
Big Green Lake
Big Green Lake
Big Green Lake
Grand River
Wildlife Area
Milwaukee County
(Lake Michigan)
Milwaukee County
(Lake Michigan)
Milwaukee County
(Lake Michigan)
Milwaukee County
(Lake Michigan)
Oconto County
Oconto County
Milwaukee County
Grand River
Wildlife Area
Grand River
Wildlife Area
Grand River
Wildlife Area
No. of
Samples
1
Species
Wood duck
Bufflehead
Canvasback
Lesser scaup
Goldeneye
Lesser scaup
Ringneck
Ringneck
Bufflehead
Goldeneye
Lesser scaup
Old squaw
Goldeneye
Lesser scaup
American coot
Canada goose
Snow goose
Blue goose
359
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Tissue ppm
Analyzed wet weight Source
Muscle 0.08
Liver 0.05
Muscle 0.12
Liver 0.53
Muscle 0.01
Liver 0.04
Muscle 0.12
Liver 0.43
Muscle 0.35
Liver 0.84
Muscle 0.60
Liver 0.20
Muscle 0.02
Liver 0.01
Muscle 0.03
Liver 0.01
Muscle 0.16
Liver 0.73
Muscle 0.13
Liver 0.44
Muscle 0.31
Liver 1.01
Muscle 0.15
Liver 0.78
Muscle 0.24
Liver 1.23
Muscle 0.08
Liver 0.25
Muscle 0.08
Liver 0.35
Muscle 0.01
Liver 0.01, 0.02
Muscle 0.01
Liver 0.01
Muscle 0.02
Liver 0.01
  
Date
1970
1970
1970
1971
SamBling Site
Waukesha County
Grand River
Wildlife Area
Lake Michigan
TABLE 5.7—3 CONT'D
No. of
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s
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s
1 Canada goose
2 Pied—bill grebe
100 Old squaw
360
 
Tissue ppm
Analyzed wet weight
Muscle 0.01
Liver 0.02
Muscle 0.5, 0.5
Liver 1.5, 1.9
Liver 0.74
(0.23—3.19)
Source
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ABBREVIATIONS AND CHEMICAL SYMBOLS
USED IN THIS REPORT
Abbreviations
BHC:
Benzene hexachloride.
The Y isomer is also called lindane.
DBP: Dibutyl phthalate
DDE: l,l—dichloro—2,2—bis(p—chlorophenyl)ethylene
DDT: Dichlorodiphenyltrichloroethane
DEP: Diethyl phthalate
DEHP: Di(2—ethylhexyl)phthalate
EP: Edible portion (in reference to fish samples)
F: Fillet (in reference to fish samples)
GLECS: Great Lakes Environmental Contaminant Survey
HCB: Hexachlorobenzene
HCBD: Hexachlorobutadiene
HEOD: Hexachloro—epoxy—octahydro-dimethanonapthalene.
(Commonly known as dieldrin)
ng: nanogram (one billionth of a gram)
PAH: Polyaromatic hydrocarbon
PBB: Polybrominated biphenyl
PCB: Polychlorinated biphenyl
PCT: Polychlorinated terphenyl
ppb: parts per billion (nanograms per gram)
ppm: parts per million (micrograms per gram)
SD: Standard deviation '
TDE: Tetrachlorodiphenylethane, also referred to as: DDD
TFM: 3-trifluoromethyl_4-nitrophenol
TWP: Township
WTP: Water treatment plant
WWTP: Wastewater treatment plant
Chemical Symbols
Ag: Silver Mo: Molybdenum
As: Arsenic Ni: Nickel
Cd: Cadmium Pb: Lead
Co: Cobalt Se: Selenium
Cr: Chromium Sr: Strontium
Cu: Copper V: Vanadium
Mg: Mercury Zn: Zinc
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